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INTRODUCING THE SARGENT 





Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel as- 
sembly, amplifier and power supply chassis, and chart and 
pen drive chassis unit. 

Automatic full balancing potentiometric system with 

standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury 
cells. Use of the latter obviates need for standardization 
over very long periods. 
Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units seiector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 

Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 

Chart Drive: Forward drive recording, reverse drive re- 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


® MULTI-RANGE—40 ranges. 


® MULTI-SPEED—9 standard chart speeds with 
provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 
measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4%, %, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll,’ or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for automatic synchro- 
nization of external devices with recording. 

Pen Speed: 1.8 seconds full scale. Other speeds can be 
provided on special order with change of motors. 
Bridge: Special Sargent specification, ganged Helipot with 
resolution several times common commercial practice. 
Provision for coupled transmitting potentiometer for out- 
put to integrating circuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 21% inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargent. Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; input cable assembly; syn- 
chronous switch cable assembly; plastic dust cover; spare 
ring for take-up mechanism; spare pen drive cable as- 
sembly; and fuses. For operation from 115 volt, A.C. 
single phase, 60 cycle circuits..............$1725.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 





E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 

















Robbins’ : 


Textbook of Pathology 








At last, here is a textbook presentation of pathology 
which parallels the way it is taught. It helps stu- 
dents understand disease processes rather than 
merely familiarizing them with morbid anatomy. 
A The effects of pathologic changes on the function of 
the organ or system are made unmistakably clear. 


New The subject matter is presented in a dynamic, logi- 
cal manner, but organized along lines sufficiently 
classical that the book can be adapted to various 

Book teaching methods in use today. Considerable em- 

phasis is placed on relating pathology to clinical 

medicine. Also—as far as possible, no specialized 
term is used without defining its meaning on its first 
appearance. 

















Important for students and teachers is the division 
of the text type, so that special type is used for the 
major morphologic descriptions, to emphasize their 
importance. The early chapters present basic prin- 
ciples and the later ones stress application. 


By Stantey L. Rossins, M.D., Associate Professor of Pathology, Bos- 
ton University School of Medicine; Associate Director of the Mallory 
Institute of Pathology, Boston; Lecturer, Harvard Medical School and 
Tufts University School of Medicine. 1351 pages, with 933 illustrations. 

New—Just Ready. 


| ba) 
Dorland’s 
Illustrated Medical Dictionary 








Here is the New (23rd) Edition of THE dictionary 
of the Medical Sciences. With thousands of new 


New terms and tens of thousands of rechecked definitions, 
this useful work is more than ever an indispensable 

(23rd) aid. The 4000 new definitions incorporated into this 
New (28rd) Edition all represent additions to the 

Edition literature. Hundreds are in fields allied to medi- 


cine, thus increasing the usefulness of this diction- 
ary for biologists, nutritionists, medical laboratory 
workers, researchers, ete. These are the accurate 
and clear definitions of terms in current use. 














‘ Under the editorial supervision of Lestiz Brainerp Arey, Ph.D., Sc.D., 
LL.D.; Witt1AM Burrows, Ph.D.; J. P. Greennitt, M.D.; Ricuarp M. 
Hewitt, A.M., M.D.; Paut J. ALexanper, Ph.D.; and Harry C. 
Messencer, M.D. 1598 pages, over 700 illustrations plus 50 full page 
plates. 630,000 dictionaries sold since 1900 Ist Ed. through 22nd Ed. 
Flexible binding. Thumb-indexed. $12.50. New (23rd) Edition. 


W. B. Saunders Company 


West Washington Square, Philadelphia 5 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, ee 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $7.50; foreign postage, $1; Canadian postage, 50¢. 
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Want a Carload of Rare Earths? 


They’re available for prompt shipment in a gram to a carload 





Back in the early 20’s, it would never 
have occurred to us that in a few years 
we would be shipping rare earth salts 
in carload quantities for a surprising 
variety of chemical and industrial ap- 
plications. 

For a long time, as you may know, 
the rare earths were simply a by- 
product of our regular business of pro- 
ducing thorium nitrate for gas mantles. 
Up to 35 years ago, rare earths were 
little more than scientific curiosities. 
Industry had not yet discovered them 
as a practical scientific tool. 

But, as time sped by, we learned 
more about these unusual elements and 
how to produce them in larger quan- 
tities, in higher purities and at lower 
cost. And with their increasing avail- 
ability, industry began to find ways to 
use them profitably in their operations. 
In the last ten years, we’ve seen a 
sharply increasing rise in the demand 
for rare earths from a rather amazing 
variety of industries. 


WHY THIS DEMAND? Well, as we see 
it, it’s due largely to the enormous tech- 
nological strides made since World 
War II. Industry itself sparked much 
of this interest by its own explorations 
of the rare earth group in a search for 
materials to improve products and 
processes. Their studies in relation to 
specific problems often uncovered 
totally unsuspected applications. It 


PLEASE ADDRESS INQUIRIES TO: 
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a report by LINDSAY 


was a sort of chain reaction that is still 
increasing in velocity. 


LINDSAY BUILT NEW PLANT. We 
saw what an industrial revolution the 
rare earths were creating. And antici- 
pating heavy demands, we constructed 
our modern plant in 1953. The Lind- 
say plant facilities, including more 
recently developed and improved sep- 
aration processes (such as our ion ex- 
change systems), increased our 
production capacity manyfold. 


WHAT ARE THE RARE EARTHS? 
Rare earths are not rare—nor are they 
earths. This group of 15 elements 
(atomic numbers 57 through 71) are 
trivalent metals found together with 
thorium and yttrium primarily in mon- 
azite ore. In chemical properties they 
are almost identical, a fact which makes 
them difficult to separate and at the 
same time makes them valuable tools 
for research and industry. 


HOW THEY ARE USED. The fascinat- 
ing description of industrial applica- 
tions of the rare earths would fill many 
books. We work with these materials 
every day and we're constantly amazed 
at the variety of ways in which they're 
used. Here are only a few. Glass polish- 
ing. Steel additives. Catalysts. Colorizer 
and decolorizer for glass. Medications. 
Ultra-violet light absorber. Arc carbon 


electrode cores. Aluminum and mag- 
nesium alloys. Lighter flints. Radiation- 
proof glass. Waterproofing. Textile pro- 
duction. Color TV tubes . . . and the 
list goes on and on, 


RARE EARTH SALTS. Lindsay pro- 
duces rare earth salts in large tonnages 
and in varying purities. Most of them 
are surprisingly low in cost. Rare earth 
chloride—for example—a mixture of 
several of these elements—is only about 
25¢ a pound and available in virtually 
unlimited quantities. High purity sep- 
arated rare earths are, of course, more 
expensive, but economical in relation to 
the wonders they perform. 


HUGE SOURCE OF SUPPLY. To keep 
up with the demand and assure indus- 
tries of a steady supply, we maintain 
in our plant a stockpile of monazite 
that is now 24,000,000 pounds. And 
we're constantly prospecting in various 
parts of the world for this miracle ore 
—source of the versatile rare earths. 





WORTH INVESTIGATING. Your re- 
search people may find it rewarding 
and profitable to study the possibilities 
of the application of rare earths to your 
own products and processes. We will 
be happy to supply pertinent data and 
to make available to you the help of 
Lindsay’s technical staff. 


LINDSAY (CHEMICAL (OMPANY 


280 ANN STREET * WEST CHICAGO, ILLINOIS 
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now available for the first time from a commercial supplier 





B= RADIOACTIVITY STANDARDS 


MODEL NO. 


RS-131 
RS-42 
RS-32 
RS-24 
RS-198 
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OF SHORT-LIVED ISOTOPES 


Effective with the June shipment of Iodine-131 standards, Nuclear-Chicago 
will supply on the following semi-annual schedule short-lived 
beta and gamma radioisotope standard solutions of the type previously 


provided by the National Bureau of Standards. 


ISOTOPE HALF-LIFE AVAILABILITY 
lodine-131 8.08 days June, January 
Potassium-42 12.44 hours August, February 
Phosphorus-32 14.3. days September, March 
Sodium-24 15.06 hours October, April 
Gold-198 2.69 days November, May 


Each sample will contain 10° dps/ml at the time of shipment and 

3 ml + 0.5%. Duplication of National Bureau of Standards instrumentation 
and methods and careful calibration with Bureau secondary standards 
permit statement of the radioactivity per ml to within + 3% of the true 
value. Random samples from each distribution will be sent to the 


Bureau as a check on the calibration accuracy. 


nuclear - chicago 


Cc o - Lond So FF os set Se ~_ 


237 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


SERS SHSSHSHSAHASSSHSSHSHSHS SHES SHHEHHSHHHHSHEHAHHESHHESEHHHETSSHHHHHHHSHTHHEHRESTHH SESE SESE 


eevee nevraeseeneesneeaeeaeeenee 
- 


Nuclear-Chicago Corporation 
237 West Erie Street, Chicago 10, Illinois 
Gentlemen: 


I am interested in the following radioisotope (Name) 
standards: 





{_} lodine-131 gO Potassium-42 [_] Phosphorus-32 
(_] Sodium-24 (_] Gold-198 (Company Name) 





(] Please put me on your “standards mailing 
list’’ to receive routine notification one 
month in advance of the availability date (Address) 
of each standard. 





(J Please enter my standing order to receive 
semi-annually the standards checked above : 
at $20.00 per shipment. (City) (Zone) —_ (State) 





961 























JUST PUBLISHED. . . 


TWO IMPORTANT INTERNATIONAL 
RESEARCH JOURNALS 


@ ANNALS OF THE INTERNATIONAL GEOPHYSICAL YEAR 


The journal of the Central Committee which guides the activities of the International 
Geophysical Year 
The Annals will contain the central records of this unique enterprise, from its inception, through 
the planning and preparation of the programs, up to the final reports on the progress and results 
of the investigations made during the International Geophysical Year. 
VOLUME I—Introductory Volume to International Geophysical Year 
VOLUME II—Reports of Proceedings of International Geophysical Year 
VOLUME I1]—IJnstruction Manual for Ionospheric Studies in the International Geo- 
physical Y ear 


Rate of publication and subscription price. A maximum of 4—6 volumes of approximately 400 pages each, 
to be published during 1957 and 1958. $17.00 per volume. 


@ TETRAHEDRON, 7he International Journal of Organic Chemistry 


This journal will devote itself entirely to the publication of organic chemical research from all 
parts of the world, and is intended to cover all aspects of organic chemistry, whether theoretical or 
practical, analytic or synthetic, physical or biological. Papers on applied chemistry with a pure 
organic chemical content will be included. 

Rate of publication and subscription price: quarterly, four issues to the volume. $17.00 per volume. 
Special rate to individual subscribers certifying private use: $9.80 per volume. 


@ PERGAMON PRESS ALSO PUBLISHES THE FOLLOWING JOURNALS: 


Journal of Nuclear Energy (with its supplement, a transla- Journal of Neurochemistry 
tion of the Russian journal of atomic energy, Atomnaya Acta Metallurgica (published for the Board of Governors) 
Energiya) International Journal of Insect Physiology 
Journal of Inorganic and Nuclear Chemistry 
International Journal of Applied Radiation and Isotopes Russian journals in English Transl. for the Pergamon Inst: 
Geochimica et Cosmochimica Acta Biophysics 


Deep Sea Research Questions of Virusology 

Journal of Atmospheric and Terrestrial Physics Journal of Microbiology, Epidemiology and Immunobiology 
Spectrochimica Acta Questions of Oncology 

Chemical Engineering Science Problems of Haemotology and Blood Transfusion 


Journal of the Mechanics and Physics of Solids Sechenov, Physiological Journal of the USSR 

International Abstracts of Biological Sciences Izvestiia Akademii Nauk SSSR, Seriia Geofizicheskaia (Geo- 
International Journal of the Physics and Chemistry of Solids physics Series) 

Journal of Psychosomatic Research Elektrichestvo 


Specumen Copies and Fully Descriptive Brochures Available on Request 


PERGAMON PRESS somos" 


22 EAST 55th STREET, NEW YORK 22, PARIS 
4 & 5 FITZROY SQUARE, LONDON W.1. 
24 RUE DES ECOLES, PARIS, Ve. 
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Loaded Dice 


Unfortunately, though doubtless inevitably, the question of the effects of 
radiation upon human health has become a subject for partisan political 
debate and has become linked with questions of national power and prestige. 
Thus, the great debate about the effects of radiation cannot readily be 
conducted in the dispassionate atmosphere of a scientific discussion. In this 
issue of Science, E. B. Lewis has taken an important step in bringing us 
the kind of information we need to conduct such a discussion. 

But first a few reminders of the debate. Albert Schweitzer recently called 
for a halt to weapons testing and said that the tests were “creating danger 
for the human race.” Willard F. Libby, commissioner of the U.S. Atomic 
Energy Commission, replied that the current radiation exposures from 
fallout are “very much smaller than those which would be required to 
produce observable effects in the population.” Linus Pauling, professor of 
chemistry at California Institute of Technology, contended that at least 
1000 persons would die as a result of the forthcoming British tests of 
thermonuclear weapons. In rebuttal, the Earl of Home, leader of the 
House of Lords, said, “We have no information that any deaths have been 
caused by the Russian and American explosions during 1956-1957.” 

The hazard—and no one denies that there is some hazard—comes not 
only from weapons testing. As Bentley Glass has recently emphasized, the 
hazard from nuclear reactors for power production is a greater potential 
threat than that from weapons testing. This threat will increase as a result 
of the greatly enlarged programs now planned. The United Kingdom is 
now planning to triple the program for power production within the next 
decade, and the Euratom nations have recently announced plans for a 
program to produce 15-million kilowatts of power by nuclear means. These 
developments will pose enormous difficulties in the safe disposal of radio- 
active wastes. 

We urgently need to have quantitative information about the effect of 
radiation on human health. Much is already known about the effect of 
radiation upon health and longevity in the fruit fly and the mouse, but it 
is obviously unwise to rely on extrapolation of these data to man. Man is, 
as has often been remarked, a difficult experimental object. But much can 
be learned about his biological reactions by appropriate statistical and 
epidemiological studies. 

E. B. Lewis (p. 965) shows that there is a direct linear relation between 
the dose of radiation and the occurrence of leukemia, a fatal disease char- 
acterized by increases in the numbers of white blood cells. The meaning of 
such findings is that any amount of radiation takes its toll of the population 
and any increase takes a greater toll. 

Thanks to Lewis, it is now possible to calculate—within narrow limits— 
how many deaths from leukemia will result in any population from any 
increase in fallout or other source of radiation. And for the individual it 
is possible to calculate the probability of death from leukemia as a result 
of any particular dose of radiation. We are approaching the point at which 

it will be possible to make the phrase “calculated risk” for radiation mean 
something a good deal more precise than the “best guess.” 

It is apparent that the atomic dice are loaded. The percentages are 
against us and we ought not play unless we must to assure other victories. 


—G. DuS. 














Magnification of blood sample from leukemia victim, showing extreme 
white cell-to-red cell imbalance. White cell level 250 times greater than normal. 


Beckman/DK Automatic Recording Spectrophotometer 
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L . with the Beckman DK-2 
Recording Spectrophotometer 


Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File 10. 
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speeds research in leukemia 


Seeking to stop leukemia, medical scientists have learned 
how to slow it down. Inhibitors have been found that tem- 
porarily stop the abnormal production of leucocytes, white 
blood cells. But, because the body develops resistance to 
these present inhibitors, white cell metabolism must be 
better understood and more selective inhibitors discovered 
to permanently stop abnormal production of leucocytes. 


Leucocyte-inhibitor reaction is studied by introducing a 
radioactive assimilate into the environment of leucocyte 
samples, both in the presence and in the absence of an 
inhibitor. To determine what metabolic use the leucocytes 
make of the radioactive substance and what effect the inhib- 
itor has on this process is a big analytical job. 

Beckman DK-2 gets the job done twenty times faster 

A typical experiment of this type involves the collection of 
1,000 fractions, measuring each fraction on a spectrophoto- 
meter for ultraviolet absorption, and plotting results — an 
almost insurmountable task without a high-speed auto- 
matic instrument. The medical researchers faced with mak- 
ing these thousands of analyses have found that the Beck- 
man DK-2 Automatic Recording Spectrophotometer is 
20 times faster than manual measurement and recording. 


Whenever analysis in ultraviolet, visible, or near-infrared 
ranges is required, the speed and precision of the Beckman 
DK-2 can accelerate research significantly. For details, see 
your Beckman dealer, or request Data File L-27-38. 


Beckman: 


Scientific Instruments Division 


a division of Beckman Instruments, Inc. 





SCIENCE, VOL. 125 


2500 Fullerton Road, Fullerton, California 





—- &© 


ate @# fA @o fF A Ss tS eH’ © 












Leukemia 


Quantitative estimates of the genetic 
effects of ionizing radiation on human be- 
ings have been carried out by a number 
of investigators (1-3). Estimates of this 
kind involve extrapolating from induced 
mutation rates in such organisms as 
Drosophila and mice. Quantitative esti- 
mates of the somatic, or “direct,” effects 
of radiation must also be attempted if 
the biological hazards of ionizing radia- 
tion are to be fully assessed. In the case 
of direct effects, it is particularly difficult 
to extrapolate from results with lower or- 
ganisms, and it becomes important to 
have data on man himself. 

It is the purpose of this article to ex- 
amine the evidence for the induction of 
leukemia in man by ionizing radiation. 
Although ionizing radiation has been im- 
plicated in the production of other 
human malignancies, such as bone tu- 
mors (4) and thyroid carcinoma (5, 6), 
only the data on induction of leukemia 
seem sufficiently extensive to warrant a 
study at this time of the quantitative re- 
lationship between incidence of the dis- 
ease and dose of radiation. Evidence 
bearing on this relationship is drawn 
from studies of leukemia among four 
groups of individuals: (i) survivors of 
atomic bomb radiation in Japan; (ii) pa- 
tients irradiated for ankylosing spondy- 
litis; (iii) children irradiated as infants 
for thymic enlargement; and (iv) radi- 
ologists. An estimate of the probability 
of developing leukemia per unit dose of 
radiation (7) per time unit is derived for 
each of these groups. This probability of 
radiation-induced leukemia is discussed 
and its application to a specific example 
of a possible radiation hazard—namely, 





Dr. Lewis is professor of biology at the Cali- 
fornia Institute of Technology, Pasadena. 
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and Ionizing 


Radiation 
E. B. Lewis 
outlined. Certain 


properties of the disease, relevant to the 
radiation studies, are presented first. 


radiostrontium—is 


Description of the Disease 


Leukemia is a malignant disease in 
which the leucocytes undergo a more or 
less unrestricted proliferation. The 
“acute” form of leukemia differs from 
the “chronic” form, not only in being 
usually of shorter duration, but also in 
being a more severe disease with a higher 
percentage of immature white blood cells 
in the circulating blood. Another classi- 
fication of the leukemias is based on the 
type of white blood cell predominating 
in the marrow or in the circulating blood. 
The two most common of these types 
are known as “granulocytic” (or mye- 
logenous) and “lymphocytic” (or lym- 
phatic). The presumption is that the 
granulocytic type arises in the red bone 
marrow. The lymphocytic type is thought 
to arise in the lymphatic elements of the 
blood-forming system (thymus, spleen, 
and other lymph glands), although the 
marrow is not excluded as a source for 
this type. 


Spontaneous Incidence of Leukemia 


In 1947 Sacks and Seeman (8) re- 
ported that the recorded death rate from 
leukemia had increased steadily from 
1900 to 1944 and at an accelerated rate 
after 1930. The death rate has continued 
to increase (9). By 1954 the crude mor- 
tality rate for leukemia among the U.S. 
white population had reached 68 per 
million individuals per year (10) com- 
pared with 42 per million in 1940 (17). 


The male and female crude death rates 
in that population were 79 and 58 per 
million per year, respectively, in 1954 
(10). The observed increase in death rate 
from this disease may be partly due to 
improvements in diagnosis. Other factors 
may also be responsible, such as the in- 
creased exposure of the population to 
ionizing radiations employed in medicine 
and dentistry, as was recently discussed 
by Dameshek and Gunz (12). 

MacMahon and Clark (/3) have re- 
cently studied the spontaneous incidence 
of the common forms of leukemia. They 
have attempted to determine the total 
number of valid cases diagnosed among 
residents of the borough of Brooklyn 
from 1943 to 1952, inclusive. In this 
study the over-all ratio of acute to 
chronic forms among the white popula- 
tion was nearly 1/1 (726/732), but there 
were marked differences in the incidence 
of these two forms with respect to age 
at time of diagnosis, as is shown in Table 
1 (14). The ratio of granulocytic to 
lymphocytic types in the Brooklyn study 
was 1.6/1 (512/318). 


Leukemia in Hiroshima and Nagasaki 


Studies of the incidence of leukemia 
among survivors of the atomic bomb 
bursts over Hiroshima and Nagasaki 
have established that ionizing radiations 
induce leukemia in man (15-—/7). Table 
2 summarizes the incidence of leukemia 
in terms of four concentric zones about 
the hypocenter (the point on the ground 
under the aerial burst). This table in- 
cludes only those cases of leukemia which 
were (i) diagnosed during the period 
January 1948 to September 1955, inclu- 
sive; (ii) resident in the city at the time 
of diagnosis (Hiroshima) or at the time 
of death (Nagasaki); and (iii) consid- 
ered by several criteria to be valid cases 
of the disease (18). For each zone, the 
estimate of the number of exposed sur- 
vivors resident in Hiroshima as of Octo- 
ber 1950 (17) has been combined with 
the corresponding number for Nagasaki 
(15) to obtain a combined population 
estimate for both cities. 

Lange et al. (16) have studied the 
pattern of types of leukemia in the ex- 
posed and unexposed populations of 
Hiroshima and Nagasaki. They conclude 
that radiation induces the same patho- 
logical types that are found spontane- 
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Table 1. The spontaneous incidence of leukemia for the white population of Brooklyn, 
N.Y., 1943-52, according to chronicity. Data of MacMahon and Clark (1/3). 


Percentage 


Age in age 
interval 

0- 9 15.8 
10-19 13.5 
20-29 16.5 
30-39 16.5 
40-49 14.8 
50-59 11.8 
60-69 7.6 
70 3.9 


Incidence per million per year* 


Acute Chronic Total 
48 1 49 
24 2 26 
12 6 18 
20 14 34 
22 28 50 
44 64 108 
58 » 133 191 


59 182 241 


* The incidence of “subacute”? and unknown types of leukemia have been allocated to the observed inci- 
dences for the acute and chronic forms in the proportions in which the latter were diagnosed at each age 


interval (/4). 


ously and, as far as can be judged by the 
limited data, induces them in roughly the 
same relative proportions that occur 
spontaneously. This is especially evident 
in the case of chronic lymphocytic leu- 
kemia, which is rare in both the exposed 
and unexposed Japanese populations, 
whereas it is the most common form of 
leukemia after age 50 in the United 
States (/3). Lange et al. found no 
marked influence of sex or age on the 
incidence of leukemia among the ex- 
posed populations. However, they point 
out that, for a number of reasons, the 
data are not very satisfactory for assess- 
ing the incidence in individuals under 5 
years of age (19). 

The published accounts of leukemia in 
Hiroshima and Nagasaki have not con- 
tained estimates of the doses received by 
the bomb survivors. Recently, however, 
distance-dose curves for these cities have 
been published (20). These curves give, 
for each city, the relationship between 
the slant distance from the burst and the 
“air” (unshielded) dose of gamma rays 
and of neutrons. From this information, 
curves have been constructed (Fig. 1) 
showing the relation between distance 
from the hypocenter and the combined 
“air” dose from gamma rays and neu- 
trons (Fig. 1) in rem (7). In computing 
the latter dose, it has been assumed that 
the relative biological effectiveness 
(RBE) of neutrons for inducing human 
leukemia is 1.7. This value is chosen 
since Dunning has recently stated that 
“for generalized whole-body effectiveness 
it is thought that 1.7 is a reasonable rep- 
resentative value for neutrons from a 
nuclear detonation” (21). This is be- 
lieved to be a conservative estimate for 
the RBE, since Upton et al. (22) found 
that the RBE for induction of leukemia 
in mice by fast neutrons is somewhat 
lower than this. 

In the absence of precise knowledge 
of the distribution of survivors within the 
different zones about the hypocenter, it 
is conservative to take the mean “air” 
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dose for a zone as the average “air” dose 
received by survivors in that zone. The 
zone from 0 to 999 meters, which is des- 
ignated here as zone A, is a special case, 
however, since ‘there was heavy mortality 
near its center. The mean dose for this 
zone has been computed for the portion 
of this zone extending from 850 to 999 
meters. The majority of leukemia cases 
in zone A occurred in this latter region 
(15); moreover, two (among five) cases 
at a distance closer than 850 meters had 
the type of shielding specified, and in 
each case it was listed as heavy (18). 
Since the doses for the two cities are 
slightly different at a given distance from 
the hypocenter, the average value of 
these two doses is used without correct- 
ing for differences in population size. In 
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this way, a dose of about 1300 rem is ar- 
rived at for zone A. For zones B (1000 
to 1499 meters) and C (1500 to 1999 
meters), the mean doses are approxi- 
mately 500 rem and 50 rem, respectively. 
At 2000 meters the dose has fallen to 14 
rem and by 2500 meters to less than 5 
rem. Since the majority of the popula- 
tion in zone D (from 2000 meters on) 
was beyond 2500 meters, the average dose 
is under 5 rem and is thus so low that 
zone D can be treated as if it were a 
“control” zone. 

The relation of dose, estimated as de- 
scribed in the preceding paragraph, to 
the incidence of leukemia per year, based 
on the combined Hiroshima and Naga- 
saki data, is shown in Table 3. The in- 
cidence per year in the “control” zone, 
D, is subtracted from the incidence in 
each of the other zones to obtain the “in- 
cidence of induced leukemia per year” 
in these zones. The values of the inci- 
dence of induced leukemia are likely to 
be minimum ones, since, as Lange e¢ al. 
have noted, “some cases of leukemia 
have undoubtedly been missed and other 
cases have been omitted because of lack 
of adequate material to confirm the diag- 
nosis’ (16). The incidences of induced 
leukemia in zones A, B, and C have been 
divided by the respective mean “air” 
doses in rem, derived in the preceding 
paragraph, to give estimates for the prob- 
ability of induced leukemia for these 
zones. The values for this probability are 
seen to range from 0.7 x 10-8 to 0.9 x 10-® 
per individual per rem per year. These 
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Fig. 1. Distance-dose curves for atomic bomb blasts at Nagasaki and Hiroshima. 
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are minimum estimates of the probabil- 
ity of induced leukemia, since the sur- 
vivors were shielded in varying degrees 
from the “air” doses, calculated in the 
preceding paragraph. The shielding of 
survivors has two major components: (i) 
the body’s own shielding of its blood- 
forming tissues by the surrounding bone 
and soft tissues; and (ii) external shield- 
ing by buildings or other shelters. A 
shielding factor of 2 is believed to be a 
conservative one for correcting for both 
of these components—the true factor 
might be at least 4 (23). The “best” 
estimate for the probability of induced 
leukemia from these data is, therefore, 
taken as approximately twice the afore- 
mentioned minimum estimates of 2 x 10-® 
per individual per rem per year (of the 
7.75-year period). A rough range for this 
probability is 0.7 x 10-® to 4x 10-8. 


Leukemia and Ankylosing Spondylitis 


Court Brown and Doll (24) and 
others (25, 26) have investigated the in- 
cidence of leukemia among patients 
treated with x-rays for ankylosing spon- 
dylitis—a hereditary disease of the spine. 
Among 11,287 male patients irradiated 
during the period from 1935 to 1954, in- 
clusive, 37 cases of leukemia were dis- 
covered. The average period of follow-up 
of these patients was “just under five 
years’ (24). The distribution of cases 
by amount of treatment, measured as 
maximum dose in roentgens (7) to the 
spinal marrow, is shown in Table 4. A 
highly significant increase in the inci- 
dence of leukemia is apparent among 
those receiving the heavier treatments. 

Court Brown and Doll have estimated 
the expected incidence of leukemia in a 
comparable group of unirradiated nor- 
mal males as 50 cases per million in- 
dividuals per year. Subtraction of this 
expected incidence from the observed in- 
cidence of leukemia per year in the 
irradiated patients gives an estimate of 
the incidence of radiation-induced leu- 
kemia per year. This calculation has been 
carried out for each of the groupings of 
leukemia cases according to amount of 
treatment. For each such grouping be- 
tween 500 and 2750 roentgens, an aver- 
age maximum dose to the spinal marrow 
is taken as the mid-point of the dose 
range (for example, for leukemia cases 
developing after treatments ranging 
from 500 to 999 roentgens, 750 roentgens 
is taken as the average dose). By divid- 
ing the calculated incidence of radiation- 
induced leukemia for each of the four 
groupings of this kind (column 5, Table 
4) by the respective average maximum 
dese (column 2, Table 4), a set of four 
minimum estimates of the probability of 
leukemia per individual per roentgen (to 
the spinal marrow) per year is obtained. 


17 MAY 1957 


Table 2. Incidence of leukemia among the combined exposed populations of Hiroshima 
and Nagasaki by distance from the hypocenter (January 1948-September 1955). 








Distance see Number of 
population 
ae from of exposed confirmed Percentage 
hypocenter ia, SR cases of of leukemia 
(m) (Oct. 1950 leukemia 
A 0- 999 1,870 18 0.96 po 
B 1000-1499 13,730 41 0.30 
C 1500-1999 23,060 10 0.043 
D 2000 and over 156,400 


These latter estimates are seen to range 
from 0.3 x 10-® to 0.6x10-® per indi- 
vidual per roentgen per year (column 6 
of Table 4). It seems likely that the 
absorbed dose to the entire red-marrow 
system would be lower than the stated 
doses to the spinal marrow by a factor of 
at least 2 or 3. Therefore, it is estimated 
that the probability of leukemia ranges 
from about 0.6 x 10-§ to 2 x 10-® per in- 
dividual per rad (to the red-marrow sys- 
tem) per year. 


Leukemia and Thymic Enlargement 


Simpson et al. (6) have traced a series 
of 1400 individuals who had been irradi- 
ated as infants for an enlarged thymus 
condition. The average period of fol- 
low-up appears to have been about 15 
years. As a “control” 1795  unirradi- 
ated siblings were also traced. In the 
irradiated group there were seven con- 
firmed cases of leukemia (and one uncon- 
firmed case), while there was none in the 
control group. The calculated number of 
cases of leukemia that would have been 
expected in a sample of comparable size 
and age from the general population was 
0.6. The difference between this expec- 
tation and the observed number of cases 
(seven) is statistically significant (P less 
than 0.01). 

In the majority of the 1400 infants, 
the radiation (x-rays) had been more 
or less restricted to the chest region. It 
was estimated that the “air” dose to the 
thymus region was imore than 200 roent- 


26 0.017 


gens (“the great majority being less than 
600 r’”’) in 57 percent of the treated in- 
dividuals and under 200 roentgens in the 
remainder. The average absorbed dose 
to the entire lymphatic system is, roughly 
estimated as 100 to 300 rad. On the basis 
of these dose estimates, the probability 
of leukemia ranges from 1 x 10-* (6.4/ 
15 x 1400 x 300) to 3 x 10-® per rad (to 
the lymphatic system) per individual per 
year. The number of cases (seven) on 
which this estimate is based is, of course, 
small. The 95-percent confidence inter- 
val for an observation of seven when the 
frequency is as low as in the present case 
lies between 3.3 and 13.2 (27). There- 
fore, the probability of leukemia in the 
thymic enlargement group may well 
range from 0.4x10-* to 6x10-* per 
rad (to the lymphatic system) per indi- 
vidual per year. 


Leukemia among Radiologists 


March (28, 29) and others (30, 31) 
have called attention to the fact that 
among physicians the percentage of 
deaths from leukemia is much higher 
for radiologists than for physicians who 
are not radiologists. The percentage of 
deaths that are due to leukemia can be 
a misleading statistic, however, since it 
is sensitive to differences in age distri- 
bution between the groups of individuals 
being compared. Such differences are 
marked in the case of radiologists, on 
the one hand, and all physicians, on the 
other, as is discussed later. To assess the 


Table 3. Incidence of leukemia per year among the combined exposed populations of 
Hiroshima and Nagasaki (January 1948 to September 1955) in relation to dose of radia- 


tion (gammas plus neutrons). 


Average Incidence of 
maximum leukemia 
Zone d ili 
ose per million 
(rem ) per year 
A 1300 1200 
B 500 390 
C 50 56 
D 5 21 


Incidence of 


radiation- Probability 
induced of leukemia 
leukemia per individual 
per million per rem 
per year per year 
1179 0.9 x 10° 
369 0.7 x 10% 
35 0.7.x 10° 














Table 4. Incidence of leukemia among ankylosing spondylitis patients receiving different 
doses of radiation (x-rays). Data from Court Brown and Doll (24). 





Probability 


Eneimence ot of leukemia 





Maximum Estimated : Crude radiation- 
d . Number <a ‘ ; per 
ose to average incidence induced eee 
a : of males a4 Ee individual 
spinal maximum ‘ per million leukemia 3 
; developing aye perr 
marrow dose : males per million : 
; leukemia se (to spinal 
(r) (r) per year males 
Ss marrow ) 
per year 
per year 
0 50 
Under 500 2 220 170 
500- 999 750 8 410 360 0.5.x 10° 
1000-1499 1250 8 420 370 0.3 x 10° 
1500-1999 1750 8 1130 1080 0.6 x 10° 
2000-2749 2375 6 1300 1250 0.5 x 10° 
2750 or more 5 1760 





radiation factor in the leukemia among 
radiologists, it first becomes necessary to 
estimate (i) the death rate from leu- 
kemia among radiologists (the number 
of deaths per total number of living 
radiologists), and (ii) the expected 
death rate from leukemia among radiolo- 
gists if they had received no occupational 
exposure to radiation. 

The study of mortality among medical 
specialists by Dublin and Spiegelman 
(32) has been used here as a guide in 
computing the afore-mentioned rates and 
as source of data for the years 1938 to 
1942, inclusive, The latter data and ad- 
ditional data for the years 1943 to 1952, 
inclusive, are summarized in Table 5, 
The term radiologist is restricted here, 
following Dublin and Spiegelman, to 
those physicians who were listed in edi- 
tions of the American Medical Directory 
(33) as limiting their practice to radiol- 
ogy (and roentgenology). Since only 
deaths occurring at ages 35 to 74 years, 
inclusive, were included in the mortality 
study for 1938-42, the same practice is 
adopted here for the supplementary 
10-year period. 

In order to estimate the mean annual 
population of radiologists at ages 35 
to 74 years, during the entire 15-year 
period from 1938 to 1952, the age dis- 
tribution of radiologists is required. This 


age distribution for the year 1940 was 
computed by Dublin and Spiegelman 
from the 1940 edition of the American 
Medical Directory and is shown in Table 
6. The age distribution for a similar 
group of radiologists in 1950, also shown 
in Table 6, has been computed (34) by 
reference to the 1950 edition of this di- 
rectory. The 1940 age distribution was 
based on a total of 1595 radiologists of 
whom 1451.5 (91.0 percent) can be in- 
ferred to have been at ages 35 to 74 
years, inclusive (32). The 1950 age dis- 
tribution was based on a total of 2443 
radiologists of whom 2250 (92.1 per- 
cent) are calculated to have been at 
ages 35 to 74 years, inclusive, as of 1 
July 1950. The mean number of radiolo- 
gists (at ages 35 to 74) per year from 
1938 to 1952, inclusive, is roughly ap- 
proximated as 1850.7, which is the aver- 
age of the number of such radiologists 
in 1940 and the corresponding number 
in 1950. 

Deaths from leukemia occurring at 
ages 35 to 74 years, inclusive, among 
radiologists have been located in several 
ways with the results shown in Table 5. 
For the period from 1938 to 1942, inclu- 
sive, five such deaths are recorded by 
Dublin and Spiegelman. For the period 
from 1943 to 1948, inclusive, the care- 
fully documented studies of March (28, 


Table 5. Deaths and death rates from leukemia among radiologists, at ages 35 to 74 years, 
by 5-year periods from 1938 to 1952, inclusive. 








Estimated Number Observed Expected Bal 
oe of deaths _ death _— induced 
Period radiologists Sinn rates per rates per deaths 
at mid-point : million million says 
A leukemia per million 
of period per year per year per year 
1938-42 1451.5 5 690 101 589 
1943-47 (1850.7) * 6 650 CiZ1)* 429 
1948-52 2250.0 6 530 141 389 
(1938-52) (1850.7) * 17 610 (121)* 


489 





* The arithmetic average of the values for the 1938-42 
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and 1948-52 periods. 





29) record eight such deaths. For the 
remaining 4-year period from 1949 to 
1952, inclusive, four additional deaths 
from leukemia have been located by ref. 
erence to death notices in a medical 
journal (35). Thus, a minimum of 1) 
deaths from leukemia has been located 
among radiologists who died between the 
ages of 35 and 74 years during the 15. 
year period from 1938 to 1952. The 
upper and lower 95-percent confidence 
limits for this observation of 17 deaths 
are 25.5 and 10.8 deaths, respectivel) 
(27). Thus, a likely range of values for 
the average death rate from leukemia 
among radiologists at ages 35 to 74 years 
is 390 (10.8/15 x 1850.7) to 920 (25.5/ 
15 x 1850.7) deaths per million per year, 
and the “best” estimate is 610 (17/15x 
1850.7) deaths per million per year (of 
the 1938-52 period). 

The expected death rate from leu. 
kemia among radiologists, if they had 
received no occupational exposure to 
radiation, is estimated by first calculat- 
ing the death rate they would have ex- 
perienced if subject to U.S. white male 
death rates from leukemia. This calcula- 
tion has been made for a 3-year period 
from 1939 to 1941 by first computing 
(36) the mean annual age-specific U.S. 
white male death rates from leukemia 
(Table 7) and then applying them to 
the 1940 age distribution of radiologists 
(Table 6), restricting the computation 
to the 35—74-year age interval. The re- 
sultant expected death rate for the latter 
age interval is 63 deaths per million per 
year. 

The same type of calculation has been 
carried out for a 3-year period from 1949 
to 1951 by computing (36) the appro- 
priate age-specific death rates for that 
period (Table 7) and applying them to 
the 1950 age distribution of radiologists, 
The resultant expected death rate is 88 
deaths per million per year. 

The average of the rates for the 1939- 
41 and 1949-51 periods is 76 deaths per 
million per year. The latter rate should 
roughly approximate the mean annual 
death rate from leukemia which radiolo. 
gists would have experienced during the 
1938-52 period if they had been subject 
to U.S. white male death rates for this 
disease. The observed death rate for this 
period was 610 deaths per million per 
year (Table 5), which is 8 times the ex- 
pected rate, just calculated. 

It is possible, however, that reasons 
other than radiation exposure may ac- 
count for the high death rate from leu- 
kemia among radiologists. For example, 
leukemia might be more likely to be di- 
agnosed among radiologists than among 
the group of all U.S. white males, To 
correct for such possibilities as this, the 
expected death rate of 76 deaths from 
leukemia per million per year, calcu- 
lated in the preceding paragraph, is 
multiplied by a correction factor of 1.6, 
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This factor is the ratio of the observed 
number of deaths from leukemia among 
physicians who were nonradiologists to 
the expected number of deaths calcu- 
lated on the assumption that such phy- 
sicians were subject to U.S. white male 
age-specific death rates for leukemia. 

This factor of 1.6 has been inferred 
from data for the 1938-42 period given 
by Dublin and Spiegelman (32) and is 
applied throughout the entire 15-year 
period from 1938 to 1952 to give the 
expected death rates shown in Table 5. 
It is a conservative factor in the sense 
that it is possible that the increased 
death rate from leukemia among phy- 
sicians who are nonradiologists is partly 
due to exposure of some of them to ion- 
izing radiation (37). Thus, 121 (1.6x 
75.5) deaths per million per year is 
probably a conservative estimate of the 
expected death rate from leukemia 
among radiologists in the 1938-52 pe- 
riod, if they had received no exposure 
to radiation. 

The expected death rate from leu- 
kemia, just calculated, would be ex- 
pected to yield 3.4 (15 x 1850.7 x 121 x 
10-°) deaths among radiologists during 
the 1938-52 period. It is appropriate at 
this point to compare this with the 
observed number—namely, 17 deaths 
(Table 5). The probability of observing 


17 or more when the expected number | 


is 3.4 is readily obtained from the Pois- 
son distribution and is found to be less 
than 1 x 10-8. Hence, the observed value 
exceeds the expected value at a statisti- 
cally highly significant level. 

The difference between the expected 
death rate from leukemia calculated on 
the assumption of no occupational ex- 
posure to radiation and the observed 
death rate is designated the “incidence 
of radiation-induced leukemia,” L. For 
a stationary population chronically irra- 
diated at a constant dose rate, D, the in- 
cidence, L, can be approximated if it is 
assumed that the probability of leukemia 
per rad of accumulated dose per year, 
P,, is a constant for all age groups in the 
population and for all values of the ac- 
cumulated dose. On these assumptions, 
a stationary population exposed for a 
mean number of years, E, to the dose 
rate, D, will have an incidence of radi- 
ation-induced leukemia that can be ex- 
pressed as follows: 


L (=) (D) - (E) - (Px) 


To estimate the value of E, it is as- 
sumed that occupational exposure of 
radiologists starts at age 25 and ends at 
age 65. The value of E for individuals 
who were at ages 35 to 74 in 1940 can 
then be approximated from the age dis- 
tribution of radiologists for that year 
(Table 6) and is found to be 24.7 years. 
The corresponding value of E approxi- 
mated from the 1950 distribution (Table 
6) is 24.1 years. The average of these 
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Table 6. Age distribution of radiologists. 
in 1940 (32) and 1950. 








Percentage distribution 


as of 
Age a“ -- 
1950 
1940 (1 July) 

Under 35 8.3 6.1 
35-44 $18 38.9 
45-54 33.8 26.6 
55-64 19.8 18.7 
65-74 6.1 7.9 
75 and over 0.7 1.8 
100.0 


Total 100.0 


two values, 24.4 years, is used as the 
value of E for the population of radi- 
ologists who were at ages 35 to 74 years 
in the 1938-52 period. The “best” esti- 
mate of L is 489 deaths per million per 
year, (Table 5), and a likely range of 
values for L is 270 to 800 deaths per mil- 
lion per year, based on the 95-percent 
confidence limits for the observed death 
rate of 610 deaths per million per year. 
For reasons discussed later, the value of 
D is estimated to lie between 3 and 30 
rad per year. 

The “best” estimate for the range of 
values of P; is then given by the ex- 
pression 
P, (likely range ) = TESaECE = 

(0.7 to 7) x 10% 
per individual per rad per year 


A broader range, based on the confi- 
dence limits for L, is (0.4 to 11) x 10-® 
per individual per rad per year. 

Since the dose rate, D, in the forego- 
ing discussion, represents the average ab- 
sorbed dose rate to the leucocyte-pro- 
ducing system, it is likely to be lower by 
at least a factor of 2 than the “air” dose 
rate to which radiologists were exposed. 
The recommended maximum dose rate 
(in air) for such workers was set at 0.2 
roentgen per day in 1931 by the U.S. 
National Committee on Radiological 
Protection; .this rate was reduced to 
0.1 roentgen per day in 1936 and to 0.05 
roentgen per day in 1949. Although some 
radiologists may well have exceeded the 
recommended dose rates, it seems un- 
likely that the average dose rate for all 
radiologists in the group under consider- 
ation would have exceeded the permis- 
sible limits set in 1931. Thus 30 rad per 
year has been taken as an upper limit for 
the absorbed dose to the leucotyte-pro- 
ducing system. The lower limit for D has 
arbitrarily been taken as one-tenth of this 
or 3 rad per year. 

This estimate that D might be much 
less than 30 rad per year is somewhat at 
variance with the following conclusions 
from a recent study of longevity among 
radiologists (37). “In comparison with 
non-exposed physicians the shortening of 


life of radiologists is 5.2 years or 11% 
of the adult life span (after 20 years). 
If extrapolation from the animal data 
. is permissible, this would be ex- 
pected to result from chronic whole body 
exposure to about 1.5 LD,, dose or pos- 
sibly 1000 roentgens. Although this ex- 
posure was partial body and possibly less 
effective, it seems unlikely that the equiv- 
alent whole body exposures differed from 
the above value by a factor greater than 
2 or 3. Consequently it appears that, 
within these limits at least, extrapolation 
from short-lived animals to man may be 
made with some confidence on the basis 
of per cent life-shortening per unit dose.” 
The shortening of life by 5.2 years just 
cited is based on the observation that 
during the period 1930-54 the difference 
between the mean age at death of phy- 
sicians estimated to have had “no known 
contact with radiation” and the mean 
age at death of radiologists was 5.2 years 
(37). It can be calculated (38), how- 
ever, that a difference of at least 6 years 
would be expected in this case solely as 
the result of differences in age distribu- 
tion (as of 1940 or 1950) between radi- 
ologists, on the one hand, and all phy- 
sicians, on the other. That is, radiologists 
may have a slightly longer life-span than 
physicians as a whole. Moreover, for the 
1938-42 period, Dublin and Spiegelman 
showed that, after appropriate adjust- 
ment for differences in age distribution, 
the total death rate from all causes was 
lower for radiologists than it was for all 
physicians combined; however, this rate 
was slightly higher for radiologists than 
it was for all specialists combined. Thus, 
either a chronic whole-body exposure of 
1000 roentgens does not have a marked 
effect on longevity or, more probably, 
radiologists have averaged much less 
than this as a life-time absorbed dose. 


Discussion 


Table 8 summarizes the various esti- 
mates of the probability of leukemia 
derived from the four sets of data re- 
viewed here. For acute whole-body irra- 
diation, the “best” estimate of this prob- 
ability will be taken as 2 x 10-® per indi- 
vidual per rad per year. This value is 
based on the studies of leukemia among 


Table 7. United States white male death 
rates from leukemia per million per year. 

















Period 
Age oa 7 
1939-41 1949-51 

25-34 18 26 
35-44 29 34 
45-54 55 68 
55-64 104 149 
65-74 154 276 
75+ 181 385 
969 





survivors of atomic bomb radiation. For 
acute partial-body irradiation, the avail- 
able data are conveniently discussed in 
terms of a probability of leukemia “of 
bone-marrow origin” (ankylosing spon- 
dylitis patients) or a probability of leu- 
kemia “of lymphatic origin” (thymic en- 
largement patients). 

As has already been noted, granulo- 
cytic and lymphocytic leukemias may 
have :bone-marrow and lymphatic ori- 
gins, respectively. Since these two types 
of leukemia constitute the majority of 
all leukemias and occur in proportions 
which are, for present purposes, roughly 
equal, it is assumed that the “best” esti- 
mate of the probability of leukemia of 
bone-marrow origin is one-half of that 
for all leukemia, or 1 x 10-® per individ- 
ual per rad to the red marrow per year. 
Similarly, the “best” estimate of the 
probability of leukemia of lymphatic 
origin is taken as 1 x 10-® per individual 
per rad to the lymphatic system per year. 

These estimates fall within the range 
of values calculated for either the anky- 
losing spondylitis patients or the thymic 
enlargement patients. Moreover, there is 
some evidence that leukemia following 
irradiation of the spinal marrow is pri- 
marily granulocytic (26). Whether lym- 
phocytic leukemia predominates in the 
thymic enlargement series (6) is uncer- 
tain on two grounds: (i) it is difficult to 
differentiate granulocytic and lympho- 
cytic types in infants and children; and 
(ii) some irradiation of bone marrow 
would, in any case, be expected in this 
series of patients (39). Finally, the “best” 
estimate of the probability of leukemia 
following chronic whole-body irradiation 
is taken as identical with that for acute 
whole-body irradiation—namely, 2 x 10-® 
per individual per rad (of accumulated 
dose) per year. This value is seen to be 
close to the lower limit of the range of 
values deduced for radiologists. 

Simpson et al. (6) and Court Brown 
and Doll (24) point out that their stud- 
ies lack a control in the form of an un- 
irradiated series of patients. Thus, the 
possibility is not excluded that thymic 
enlargement and ankylosing spondylitis 
predispose toward leukemia. However, a 
comparison ‘of the various estimated 
ranges for the probability of leukemia 
(Table 8) suggests that patients with the 
afore-mentioned conditions are no more 
prone to develop leukemia than are radi- 
ologists or the Japanese survivors. 

Presently available determinations of 
the incidence of induced leukemia per 
year are based on average follow-up pe- 
riods that are comparatively short in 
terms of the normal human life-span. 
Thus, the probability of leukemia per 
individual per rad per year may not be 
constant for an indefinite period beyond 
the initial time of irradiation. By choos- 
ing the lower limit for the probability of 
leukemia at about 0.7 x 10-® per indi- 


970 


vidual per rad per year, it is felt that 
adequate account is taken of the pos- 
sibility that the incidence of leukemia 
per year following an acute dose of radi- 
ation may, as some have suggested on 
the basis of the data from Hiroshima 
(37), reach a peak followed by a steady 
decline. It is noteworthy, however, that 
Court Brown and Doll have concluded, 
from an analysis of 108 cases of leu- 
kemia among’ the - exposed . populations 
of Hiroshima and Nagasaki, that “the 
data provide no evidence of a sharp peak 
in incidence at any particular period 
after the explosion nor any clear indica- 
tion that the incidence had yet begun to 
diminish by the end of the ninth year” 
(40). 

The probability of leukemia per indi- 
vidual per rad per year is nearly con- 
stant over a rather wide range of doses 
in the case of the Japanese survivors 
(Table 3) and in the case of ankylosing 
spondylitis patients (Table 4). This is 
presumptive evidence that the relation- 
ship -between incidence of induced leu- 
kemia and dose of radiation is either 
linear or approximately linear. A striking 
feature of the Japanese data shown in 
Table 2 is that the incidence of leukemia 
in zone C—the zone with a calculated 
average “air” dose of 50 rem—is signifi- 
cantly higher than in zone D, the “con- 
trol” zone (P = 0.02, by the Chi-square 
test). Thus, these data provide no evi- 
dence for a threshold dose for the in- 
duction of leukemia. Moreover, chronic 
irradiation at a relatively low dose rate 
(perhaps 0.1 rad per day or less) ap- 
pears to induce leukemia in radiologists 
at a rate per rad which is comparable 
to that observed for the Japanese sur- 
vivors, This finding also fails to support 
the concept of a threshold dose below 
which leukemia will not develop. 

A linear relationship between the in- 
cidence of leukemia and dose of radia- 
tion, which is suggested by the available 
data for man, may have its explanation 
in a somatic mutation hypothesis (4/). 
Thus, radiation-induced leukemia may 
result from a somatic gene mutation, 
presumably occurring in one of the pre- 
cursor cells destined to give rise to ma- 
ture leucocytes. Such a mutation might 
cause the cell, or its descendants, to ac- 
quire an unregulated growth habit, or to 
release, or to respond to, viruslike or 
hormonal agents—to mention only a few 
of many possibilities. Thus, the somatic 
mutation hypothesis and other hypothe- 
ses for the origin of radiation-induced 
malignancies (42) are by no means mu- 
tually exclusive. Gene mutation has long 
been known to show a linear relationship 
with respect to dose of ionizing radia- 
tion from studies with Drosophila, This 
linearity has been extended by Spencer 
and Stern (43) to doses of 50 and 25 
roentgens. Gene mutation is also known 
to be directly proportional to the accu- 


mulated dose of radiation, even when 
the radiation is chronically administered 
at a relatively low dose rate, as in the 
studies of Uphoff and Stern (44). 

The concept of somatic mutation is 
also helpful in attempting to explain the 
long period of time which sometimes 
intervenes between irradiation and onset 
of leukemia. Thus, it may be that some 
of the precursor cells of leucocytes lie 
quiescent for years before they are 
brought into leucocyte production. A 
somatic mutation in such a cell might, 
therefore, be long delayed in producing 
its effect. 

In leukemia of “spontaneous” origin, 
there is also likely to be a somatic mu- 
tation component which would be at- 
tributable to “spontaneous” mutation in 
the somatic cells. In addition, there is 
likely to be a “hereditary” component in 
spontaneous leukemia—that is, the pres- 
ence of defective genes (dominant or re- 
cessive) which are transmitted through 
the germ line and which result in, or pre- 
dispose toward the development of, leu- 
kemia. It is well known from the work 
of MacDowell and associates (45) that 
the pronounced differences among cer. 
tain strains of mice in susceptibility to 
leukemia have a genetic basis. In man, 
there is evidence for familial factors in 
leukemia from the work of Videbaek 
(46) and others, but the type of in- 
heritance -involved is not clear (47). It 
should be noted that cases of leukemia 
which arise somatically—for example, 
those which are radiation-induced—will 
tend to obscure the analysis of the he- 
reditary component in leukemia (48), 

It is likely that there will be individual 
differences in susceptibility to radiation- 
induced leukemia as well as to “spon- 
taneous” leukemia. The indication of a 
linear relationship between dose of radi- 
ation and incidence of leukemia implies 
that there are some individuals in whom 
a single radiation-induced event (per- 
haps a gene mutation) suffices to pro- 
duce leukemia. There may, however, be 
other individuals in whom two or more 
such events would be required before 
leukemia would be manifested. Thus, 
the values of the probability of leukemia 
per individual per rad per year that have 
been derived here apply to the “average” 
individual in a given population, but do 
not necessarily apply equally to each 
and every individual in that population. 





Spontaneous Leukemia and 


Natural Background Radiation 


The possibility that a portion of the 
“spontaneous” incidence of leukemia 
may be due to radiation from natural 
background sources is briefly consid- 
ered. For this purpose, the same type 
of approximation procedures employed 
for assessing radiation-induced leukemia 
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among radiologists is applied to the data 
of MacMahon and Clark on the sponta- 
neous incidence of leukemia in the white 
population in the borough of Brooklyn 
(Table 1). Thus, the incidence of leu- 
kemia, Lp, that would be attributable to 
irradiation of that population from nat- 
ural background sources can be approxi- 
mated by assuming that it is a product 
of the following three quantities: (i) a 
constant dose rate, D,, from all natural 
background sources; (ii) the mean age, 
E,, of the Brooklyn population, which is 
equivalent to the mean number of years 
exposed to D,; and (iii) the probability 
of leukemia, P;, per individual per rad 
per year. The value of D,, is not known 
but probably is in the range of 0.1 to 0.2 
rad per year (49). The value of Ep can 
be readily approximated from the age 
distribution (Table 1) of the Brooklyn 
population and is about 33.7 years. The 
value of P; is chosen as the “best” esti- 
mate from the afore-described radiation 
studies, namely 2x 10-® per individual 
per rad per year. Thus, Lp can be esti- 
mated as 7 to 13 cases per million per 
year. The observed total spontaneous in- 
cidence in this study was 64.4 cases per 
million per year (/3). Thus, possibly 10 
to 20 percent of the “spontaneous” inci- 
dence of leukemia in this Brooklyn popu- 
lation is attributable to ionizing radia- 
tion from natural background sources. 

A maximum value for the probability 
of radiation-induced leukemia may also 
be inferred from the Brooklyn data. The 
calculation of such a value is based on 
the incidence of acute leukemia, since 
in this form of the disease the time of 
onset and time of diagnosis probably 
nearly coincide, while in chronic leu- 
kemia some years may elapse between 
these two times. The observed incidence 
of-acute leukemia has a minimum value 
of 12 per million per year which occurs 
in the 20-29 age group (Table 1). By 


assuming that individuals in that age 


group had an average accumulated dose 
of not less than 2.5 rad (0.1 rad per year 
for 25 years) and by further assuming, 
as an artifice, that all of the acute leu- 
kemia in that age group was due to radi- 
ation, the probability of acute leukemia 
may be estimated to have an upper limit 
of 5 x 10-6 (12 x 10-®/2.5) per individual 
per rad per year. Since the over-all ratio 
of acute to chronic forms was about 1/1 
in the Brooklyn data, it may be inferred 
that the maximum value, or upper limit 
(Table 8), of the probability of leukemia 
(acute and chronic) is about 10x 10-6 
per individual per rad_per year. 


Application to Radiostrontium Exposure 


The foregoing estimates of the prob- 
ability of radiation-induced leukemia 
have been attempted in order to have 
some basis for assessing direct effects of 
ionizing radiations on human _popula- 
tions. An example of the application of 
these estimates to a man-made radiation 
exposure—namely, that from radiostron- 
tium (Sr8® and Sr®°)—is briefly dis- 
cussed (50). 

The maximum permissible concentra- 
tion (MPC) of Sr® has been set at 1 
microcurie for the total body for work- 
ers with radioisotopes (51). A level of 1 
microcurie of Sr®° per 1000 grams of 
calcium (the mass of calcium in the 
average adult individual) has been 
designated as 1 “MPC” unit of Sr® 
(52). Various estimates are at hand for 
the level of radiostrontium that is being 
accumulated in the human body as the 
result of past testing of atomic weapons 
(53). The present discussion is restricted 
to examination of the following recent 
suggestion for a permissible level (pre- 
sumably of Sr®°°) for the population at 
large (54). “There seems no reason to 
hesitate to allow a universal human 
strontium (very similar chemically to 





calcium) burden of 1/10 of the per- 
missible, yielding 20 rep in a lifetime, 
since this dose falls close to the range 
of values for natural radiation back- 
ground. Visible changes in the skeleton 
have been reported only after hundreds 
of reps were accumulated and tumors 
only after 1500 or more.” 

A body level of 0.1 MPC is expected 
to irradiate skeletal tissue at a dose rate 
of about 0.25 rad per year, on the as- 
sumption of uniform distribution of Sr®° 
throughout that tissue. Because of the 
limited range in tissue of the beta par- 
ticles emitted in the decay of Sr®° and 
of its daughter element, Y°°, the leuco- 
cyte-producing cells may receive some- 
what less than this dose rate, depending 
on the exact location of such cells’ with 
respect to the surrounding calcium of 
the bone. This reduction factor, of per- 
haps 2, tends to be offset by the fact that 
ingested Sr®° is not uniformly distributed 
throughout the skeletal tissue but appears 
instead to be concentrated in regions 
more actively concerned with red-mar- 
row formation (55). The dose rate to 
the leucocyte-producing cells is esti- 
mated as 0.1 to 0.2 rad per year for a 
body level of 0.1 MPC of Sr®. This ir- 
radiation will be largely restricted to the 
skeletal tissue, since (i) the radiation 
from the decay of Sr®° is exclusively of 
the beta type and (ii) 70 percent of the 
Sr in the body is estimated to lie in the 
skeletal tissue (57). Hence, leukemia in- 
duced by Sr®° would be expected to be 
largely of bone-marrow origin (56). 

The problem of assessing the incidence 
of Sr®°-induced leukemia from a con- 
stantly maintained level of Sr®° is essen- 
tially identical with that dealt with here 
for determining the component of the 
spontaneous incidence of leukemia owing 
to natural background radiation. Thus, 
the incidence of Sr®°-induced leukemia 
in a stationary population maintaining a 
constant level of 0.1 MPC of Sr®° is con- 


Table 8. Summary of the estimates of the probability of radiation-induced leukemia per individual per rad per year. 





Probability of leukemia of specified type 
per individual per rad (or rem) 








; Ty. f to region irradiated per year 
f esti Type of Region Pal one eae! ih: id ats 
Source of estimate radiation . irradiated Sadie Estimated range 
Pp ianiteslieniaiadiiiemaiiaaes er Se Ex “Best” 
Lower Upper estimate 
limit limit 
Atom-bomb survivors Gamma rays plus 0.7 x 10° 3x 10° 2x 10* 
neutrons Whole body All 
Ankylosing spondylitis patients X-rays Spine Granulocytic 
(only?) 0.6 x 10° 2x 10° 1x 10° 
Thymic enlargement patients X-rays Chest Lymphocytic 
(only?) 0.4 x 10° 6x 10° 1x 10° 
Radiologists X-rays, radium, Partial to 
etc. whole body All (?) 0.4 x 10° 11x 10° 2x 10° 
Spontaneous incidence of 
leukemia (Brooklyn, N.Y.) All natural back- * 
< ground sources Whole body All (?) 10 x 10° 2x10 
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sidered to be the product of (i) a dose 
rate of 0.1 to 0.2 rad per year to red 
bone marrow; (ii) a mean age for the 


stationary population of 31.7 years, 
which is that expected from the age dis- 
tribution of the total U.S. white popula- 
tion as of 1 July 1955 (57); and (iii) a 
probability of leukemia of bone marrow 
origin of 1 x 10-® per individual per rad 
to bone marrow per year. This computa- 
tion gives an incidence of three to six 
cases of Sr®°-induced leukemia per mil- 
lion per year. For a population of 1.6 x 
10® individuals, the current population 
of the US., the expected number of 
cases of leukemia induced by a con- 
stantly maintained level of 0.1 MPC of 
Sr®° would thus be about 500 to 1000 per 
year. The range for this estimate is a 
factor of about 3, giving 150 to 3000 
cases per year. Currently (1954), there 
are about 10,500 deaths from leukemia 
per year in the U.S. population (10). 
Thus, if Sr®° induces leukemia of bone- 
marrow origin at the same rate (per 
rad) as x-rays and radiations from 
atomic bombs, then a constantly main- 
tained level of 0.1 MPC of Sr®° would 
be expected to increase the present inci- 
dence of leukemia (in the United States) 
by about 5 to 10 percent. 


Summary 


Leukemia in man can be induced by 
ionizing radiations and also occurs spon- 
taneously. For the “average” individual 
in a population, the probability of devel- 
oping radiation-induced leukemia is esti- 
mated to be 2x 10-® per rad (unit of 
absorbed dose of radiation) per year. 
The available data from four independ. 
ent sources make it likely that this esti- 
mate is valid within a factor of about 3, 
giving a range from 0.7 x 10-6 to 6 x 10-® 
per rad per year. It is pointed out that 
10 to 20 percent of the spontaneous inci- 
dence of leukemia (Brooklyn, 1943-52) 
may result from radiation from natural 
background sources. It is estimated that 
a 5- to 10-percent increase in the cur- 
rent spontaneous incidence of leukemia 
would occur if the population were to 
reach and maintain a body level of Sr®° 
amounting to one-tenth of the “maxi- 
mum permissible concentration.” 
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Saldanha Man and His Culture 


Enough evidence is now available to 
permit evaluation of the fossil human 
skullcap and fragment of lower jaw that 
constitute the creature known as “Sal- 
danha Man.” This South African speci- 
men, found in 1953 by Keith Jolly and 
Ronald Singer, is particularly interesting 
because of its association with a variety 
of fossil vertebrates and stone tools. The 
site of discovery is located about 10 miles 
from Hopefield, a village near Saldanha 
Bay, some 90 miles north of Cape Town. 

Despite certain differences in details, 
the Saldanha skullcap, in general, 
strongly resembles that of the famous 
Rhodesian skull, which was discovered 
in a cave at Broken Hill, Northern 
Rhodesia, in 1921 (/J-3). As Singer (7) 
has shown, the two skullcaps are strik- 
ingly similar in both general outline and 


measurements. The brow-ridges of the . 


Saldanha skull are comparatively huge, 
approximating but not equaling the truly 
enormous ones of Rhodesian Man; the 
shape and curvature of these structures 
differ, however, in the two skulls (1). 
The contours of the respective frontal 
bones and, hence, the shapes of the fore- 
heads are practically identical. 

Drennan (3) believes that the Sal- 
danha mandibular fragment suggests a 
“typically Neanderthaloid” lower jaw 
which would be quite “out of harmony” 
with the Rhodesian skull (no part of the 
Rhodesian lower jaw was recovered, but 
the upper jaw is complete); rather, he 
regards it as closely resembling the cor- 
responding part of the famous but enig- 
matic Heidelberg jaw. The Saldanha and 
Rhodesian mandibles were, therefore, in 
Drennan’s opinion, quite different in 
morphology. Possibly such a conclusion 
is legitimate. However, conclusions based 
on bits of mandibles should be taken cum 
grano salis. As for expecting inevitable 
“harmony” between mandible and cra- 
nium, it may be noted that nature has 
produced some strange combinations. 
Relevant to this matter is the recent ob- 
servation of Hutchinson (4) that Old- 
field Thomas, a distinguished mammalo- 
gist, epigrammatized that whereas God 
made the cranium, the devil made the 
mandible. 

The nuchal plane of the Saldanha 
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skull is largely lacking. Drennan (2) 
thinks that it must have inclined back- 
ward as in Neanderthal skulls, an ar- 
rangement that he regards as indicative 
of a crouching posture. In the opinion of 
Singer (1), however, there is little 
reason for believing that the Saldanha 
nuchal plane differed markedly from that 
of the Rhodesian skull, which is disposed 
essentially horizontally, as in modern 
man. It may be added that, whatever the 
slope of his nuchal plane, it now appears 
that there is no reason to suppose that 
the posture of Neanderthal Man differed 
fundamentally from that of present-day 
man. 

Endocranial casts are notoriously un- 
reliable for determining slight differ- 
ences in cerebral status. Yet Drennan 
(3) concludes that a comparison of the 
Rhodesian and Saldanha casts “substan- 
tiates a degree of cerebral inferiority” in 
the latter; and he holds this opinion de- 
spite the presence of an “ultra-gorilline” 
and supposedly primitive condition in 
the obelionic region of the Rhodesian 
endocranial cast, which is lacking in the 
Saldanha cast. One has only to recall 
the supposed evidences of primitive or 
inferior features originally noted in the 
Piltdown endocranial cast—features 
which were advanced in support of the 
“dawn man” concept of the synthetic 
Sussex monster! Available evidence in- 
dicates that the cranial capacity of both 
the Rhodesian and Saldanha skulls is 
about 1250 cubic centimeters, which is 
well within the normal range for mod- 
ern man. 

Rhodesian Man has often been re- 
garded as an African variety of Neander- 
thal Man; and both Singer (J) and 
Drennan (3) have obviously been think- 
ing in this direction with respect to Sal- 
danha Man. Singer is the more explicit; 
he labels both Rhodesian Man and Sal- 
danha Man examples of an “African 
Neanderthalian,” which, however, dif- 
fers markedly in many respects from 
Neanderthal Man of Europe. Yet he em- 
phasizes that the brow-ridges represent 
the only indication of a Neanderthal 
“streak” in the Saldanha specimen. Such 
phenotypic resemblances, however, do 
not necessarily indicate close genetic re- 
lationship. They may merely be expres- 
sions of basic morphological characters 
common to the whole of the primitive 





human stock, which have appeared inde- 
pendently in different radiations and at 
different times. They may, for all that 
we know, even stem from different com- 
plexes of genes. Thus, there are different 
sorts of brow-ridges in man, whether 
fossil or extant. Some are basically the 
result of osseous hypertrophy, whereas 
others are the result, at least in large 
degree, of greatly expanded frontal si- 
nuses. Moreover, identification of “Ne- 
anderthal” fossils in all parts of the 
world represents a hang-over of the now 
generally discarded concept of a “Nean- 
derthal stage” in the evolution of the 
modern type of man. 

On the basis of the differences between 
the two skulls, both observed and recon- 
structed, Drennan originally was inclined 
to regard the Saldanha specimen as a 
separate regional variety of, and as pos- 
sibly a more primitive forerunner of, the 
Rhodesian race (2). Later, relying heav- 
ily on a comparison of their endocranial 
casts and presumed differences in lower 
jaw structure, he concluded that the 
Saldanha skull is of a “lower morpho- 
logical grade” than the Rhodesian, and 
that the relationship of these two fossils 
is probably not lineal but collateral (3). 
Consequently, he created a new species 
for the Saldanha specimen, terming it 
Homo saldanensis. 

This creation of a new species for the 
reception of the Saldanha skull is to be 
deplored. There has already been too 
much blithe creation of new species or 
even genera of fossil men—a practice 
which has cluttered and confounded the 
terminology of paleoanthropology. Fur- 
thermore, Drennan’s assessment of the 
status of Saldanha Man is open to at 
least reasonable doubt, for it tends to 
ignore the natural phenomenon of indi- 
vidual variability within populations and 
is, therefore, a reversion to the concept 
of “type,” an outmoded taxonomic con- 
cept that continues to plague paleoan- 
thropology. Singer (1), however, re- 
gards his observed differences between 
the Saldanha and Rhodesian skullcaps 
as fallirig “within the limits of individual 
variation.” Drennan (3) himself notes 
that the Saldanha skull is “another ex- 
ample of the diversity of character 
which appears to pervade fossil man.” 
It can be reasonably argued that this 
diversity is apparent within a species, 
probably even within a lower taxonomic 
level. Hence, on the basis of the recent 
detailed descriptions of his skullcap by 
Singer and Drennan, there appears to be 
no good reason for regarding Saldanha 
Man as specifically different from Rho- 
desian Man; this despite possible differ- 
ences in facial structure. Indeed, in line 
with current tendencies in taxonomic 
procedure, these two African fossil men 
can be regarded as belonging to one and 
the same subspecies of Homo sapiens, 
which may be designated Homo sapiens 
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rhodesiensis. Or, by those who regard 
these two fossils as specifically different 
from modern man, they may be desig- 
nated as merely varieties of Homo rho- 
desiensis, the name originally applied to 
Rhodesian Man. Whatever the prefer- 
ence, either of these classifications would 
invalidate the terminology suggested by 
Drennan. 

The taxonomic views of Singer (/) 
with respect to Saldanha Man are not 
entirely clear. It is evident, however, 
that he would not separate him from 
Rhodesian Man, for he states that the 
Saldanha discovery “confirms that the 
Rhodesiar: skull is no isolated, abnormal 
or pathological type of primitive man.” 
This also appears to be the opinion of 
Sir Wilfrid LeGros Clark (5), who 
states that the Saldanha skullcap is “al- 
most a replica of that of Rhodesian 
Man” and that its discovery is “impor- 
tant because it confirms the evidence of 
Rhodesian Man that there was a rather 
aberrant type of Homo in Africa at the 
end of the Pleistocene, and because it 
suggests that this type may have been in 
existence there over a considerable period 
of time.” 

An extensive stone industry, character- 
ized by hand axes and other implements 
of an Acheulian type, and a large fossil 
vertebrate fauna were associated with 
the Saldanha skull. From the archeo- 
logic, paleontologic, and geologic evi- 
dence, as well as from resuits secured by 
the fluorine-dating method, it appears 
likely that Saldanha Man can be as- 
signed to the early part of the Upper 
Pleistocene (/), at a time probably prior 
to the last glaciation in Europe (5). The 
skeletal remains of Rhodesian Man, on 





the other hand, were associated with a 
different culture. These artifacts, which 
include quartz flakes, round bolas-stones, 
and bone points and gouges, are in the 
Levalloisian tradition (6). Chemical 
studies (analyses of lead and zinc con- 
tent) indicate that the human and other 
animal remains found at Broken Hill are 
approximately contemporaneous (7). 
The total evidence, while short of being 
conclusive, assigns Rhodesian Man to 
the Upper Pleistocene (6, 8) at a time 
that is probably equivalent to the Upper 
Paleolithic of Europe (7). If so, he 
would appear to be more recent than 
Saldanha Man. 

As is noted in the preceding para- 
graph, the site of the Saldanha discovery 
is characterized by an extensive stone 
culture. In addition, two so-called 
“crude bone implements” were recov- 
ered. Interpreted as “fossilised bone 
chisels made by prehistoric man from 
the metacarpal bones of horse” (9), 
they have been regarded as particularly 
significant in being the first such imple- 
ments found in association with the 
older South African cultures. These bone 
“chisels” have recently been studied by 
Singer (10). Actually they are equid 
metatarsals, of which the distal extremi- 
ties have been fragmented. However, 
they are not identical in form, as was 
originally supposed, and, what is the 
most significant, they clearly exhibit 
furrows such as would be made by the 
teeth of carnivores. Bones of other fos- 
sil mammals from the same site also were 
found to exhibit manifestations of tooth 
marks or fragmentation which produced 
bizarre shapes resembling chisels, cleav- 
ers, and the like. Recent bones from a 


Mathematics in the 


I had been living in Helsinki, Finland, 
for almost a year as a Guggenheim and 
Fulbright scholar when, early in June 
1956, I was invited to give a mathemati- 
cal address at the third Congress of 
Soviet Mathematicians to be held in 
Moscow beginning 25 June 1956. 

Since the congress was the first such 
convention in more than 20 years, the 
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Soviet Union 


A. J. Lohwater 


organization committee decided, at al- 
most the last minute, to invite about 40 
foreign mathematicians, whose research 
was of current interest to Soviet mathe- 
maticians. All expenses for the foreign 
mathematicians, except travel, were to 
be borne by the Soviet Academy of Sci- 
ences; my travel expenses were paid by 
the Guggenheim Memorial Foundation. 


cave in Fish Hoek, which could not have 


been inhabited or frequented in recent } 


times by man, show similar evidence of 
mutilation by the teeth of carnivores, 
Since various fossil Carnivora occur at 
the Saldanha:site, Singer concludes that 
“there can be no doubt” that the so- 
called “bone chisels” or implements 
thought to have been made by man are 
actually only bone fragments originally 
chewed by carnivores and then subjected 
to weathering. 

This study of Singer’s (10) has im- 
plications that extend beyond any inter- 
pretation of the cultural capacities of 
Saldanha Man. It indicates the need for 
a careful assessment of the reality of 
other early, supposed bone tools, such as 
those of the so-called “osteodontokeratic 
culture” recently attributed by Dart (//) 
to the fossil Australopithecinae of Maka- 
pansgat—those early Pleistocene “man- 
apes” of South Africa. 
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Norman Steenrod of Princeton Univer- 
sity was the only other delegate from 
the United States; it is perhaps amusing 
to note that, until the congress in Mos- 
cow, we had not met each other. 


General Characteristics 


of the Congress 


The meeting was.similar in character 
to a national meeting or convention of 
any one of our scientific societies; there 
were lectures to the general membership 
of the congress, special sections for re- 
search papers in the various specialties 
of mathematics, a business meeting of 
their mathematical society, scheduled 
entertainment of various sorts, and, of 
course, a banquet at the close of the con- 
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gress. The foreign guests were given 
comfortable quarters in the Leningrad- 
skaya Hotel, a modern deluxe hotel cat- 
ering mostly to guests of the state, while 
most of the Soviet members of the con- 
gress were put up in vacant student dor- 
mitories at the new Moscow State Uni- 
versity, where the congress took place. 

Following a reception for the foreign 
guests at the Academy of Sciences build- 
ing, the congress was opened with cere- 
monies at the new buildings of the Mos- 
cow State University. After a welcoming 
address by Academician I. M. Vino- 
gradov, each foreign country was intro- 
duced, through one of its delegates, and 
the warmth of the ovation given to the 
American delegation, both before and 
after it extended greetings from col- 
leagues in the United States, made it 
appear, at that time, that we were at- 
tending the birth of a new era in cultural 
and scientific relations between the two 
countries. 

When the formal part of the opening 
ceremonies was over and the relations 
became more personal, the warmth of 
their welcome made itself felt. The 
Western mathematical literature is quite 
easily available in the Soviet Union, par- 
ticularly in the larger mathematical cen- 
ters, so that the names of many Amer- 
ican research workers are well known 


there, just as we are acquainted with the . 


publications of most of the more impor- 
tant Soviet mathematicians. We were 
continually asked about our American 
colleagues: what sort of people were 
they, for example, and with what sort 
of problems were they presently con- 
cerned. The Soviet mathematicians 
seemed to be particularly delighted to 
learn something personal about Amer- 
ican mathematicians, something which 
made the Americans more human and 
more than merely names on research ar- 
ticles. Some of the queries indicated just 
how long certain Russians had been out 
of touch with the West; for example, I 
was asked what R. C. Paley was work- 
ing on these days. (Paley, whose best 
known work is his book on Fourier in- 
tegrals with N. Wiener, died in 1933). 
Many of the older Soviet mathemati- 
cians had been acquainted with various 
American mathematicians in the 1930’s 
and naturally inquired about them; I 
was given many messages and letters 
to send to them as well as letters to 
relatives from whom they had _ heard 
nothing in years. 

For me, one of the most important 
aspects of the congress was the oppor- 
tunity to “talk shop” with my Russian 
colleagues whose papers I had read. This 
sort of intercourse forms the heart of all 
national and_ regional mathematical 
meetings in America, and I must remark 
that the facilities there to encourage this 
exchange of ideas were among the best 
that I have ever encountered. In the 
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Opening session of the congress. The American delegate extends greetings from his col- 
leagues in the United States. For most Soviet mathematicians present, this was their first 
opportunity to see and hear an American mathematician. [Photo by Soviet newsman] 


halls of the university outside the rooms 
in which research papers were being pre- 
sented were tables and chairs, and a huge 
commons room was set aside for the use 
of members of the congress; a wide va- 
riety of free refreshments was available 
at all hours. 

The conduct of the section meetings 
for contributed papers gave some insight 
into Soviet mathematics and indicated 
that the Russian mathematician is not 
very different from his American coun- 
terpart. Following each research paper, 
the meeting was thrown open to discus- 
sion, and the spirit of the mathematical 
discussions was very much the same as it 
is at American meetings. If a listener 
believed. that a result was trivial or al- 
ready in the literature—Soviet or West- 
ern—there ‘were no inhibitions about 
bringing this belief to the attention of 
the speaker and audience, even if the 
speaker was an exalted member of the 
Soviet academy. It seemed to me that 
the free spirit of inquiry would have ridi- 
culed out of existence any attempt to 
base some mathematical conclusion on 
political ideology; later conversations 
with Soviet colleagues brought out the 
amused remarks that such attempts had 
been made at various times but that the 
reactions of their colleagues had served 
only to accelerate the passage of such re- 
sults together with the sponsors into 
mathematical oblivion. To be sure, since 
the Russian literature is that which is 
most available to the mathematicians of 
the Soviet Union, and since many new 
results are discovered simultaneously 
here and there, it is natural that, in 
many instances, the Western results are 
for a period unknown there and, conse- 
quently, are not referred to, 

There are mathematicians in the So- 
viet Union, too, who attempt to further 
their own positions by a studied igno- 
rance of the Western literature and by 


an obsequious nationalism regarding sci- 
entific priority; such scientists have their 
counterparts in all countries. I did not 
encounter this sort of nationalistic obses- 
sion among those mathematicians whom 
we judge to be of the first rank, and I 
think that the following episode illus- 
trates the point which I have made. A 
mathematician who, in my judgment, 
has not made contributions of any sig- 
nificance, was giving a survey of results 
in the theory of univalent analytic func- 
tions. In the course of this survey he was 
attributing most of the progress to I. E. 
Bazilievich and the late G. M. Goluzin, 
who, to be sure, have achieved stature 
of the first rank for themselves for their 
contributions to this field. Both Cart- 
wright of Cambridge University, for 
whom I was providing a running account 
of the talk, and I were extremely uncom- 
fortable by the almost pointed avoidance 
of the spectacularly powerful results 
which had been achieved recently by W. 
K. Hayman, who is one of England’s 
greatest mathematicians, and, at the end 
of the talk,.we were about to point out 
this omission, when Bazilievich himself 
rose and delivered a 20-minute outline 
of Hayman’s results and methods con- 
cerning the coefficient problem for uni- 
valent functions. 


Quality of Technical Education 


Despite the fact that I personally can- 
not understand the appointment of one 
or two mathematicians to the Soviet 
Academy of Sciences, I believe that So- 
viet mathematics has been particularly 
impenetrable to the political and au- 
thoritarian dogma which has seriously 
compromised certain fields such as biol- 
ogy. Indeed, great concern was expressed 
to me by dozens of mathematicians about 
the training of Soviet engineering stu- 
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dents. Acting on the assumption that the 
performance of a class of engineering 
students in their first-year mathematics 
course is a fairly reliable gage of the 
technical promise of the new group, I at- 
tempted to learn whether the reported 
increase in the number of Soviet engi- 
neering students had been accompanied 
by a corresponding decrease in the qual- 
ity of their technical education. In 
America, of course, we have suffered cer- 
tain growing pains since World War II, 
both in the public schools and in the col- 
leges, and have witnessed a frightening 
drop in standards, both in the material 
taught in the schools and colleges and in 
the admission requirements in all but a 
handful of our colleges. Many university 
presidents and administrators have used 
the reported increase in the number of 
Soviet engineering graduates as a pre- 
text to assert that, for patriotic and other 
reasons, we must enlarge existing uni- 
versity facilities to accommodate exces- 
sive numbers of students. I have seen it 
happen all too often that, in order to 
fill the new dormitories, the universities 
must resort to lowering admission re- 
quirements and soliciting students in the 
high schools. 

I therefore took every possible oppor- 
tunity to discuss with Soviet mathemati- 
cians the teaching of mathematics in the 
Soviet Union. I was particularly inter- 
ested in the views of those who could 
compare the situation of today with that 
of 10, or even 20, years ago. Each of the 
professors to whom I spoke—and I dis- 
cussed the problem with professors from 
about a dozen large technical institutes 
as well as from the large centers in Mos- 
cow and Leningrad—was alarmed by the 
calibre of student which the reduced ad- 
mission standards had forced him to 
confront, especially in the last 10 years 
which have constituted the period of 
most intensive growth, I had a very in- 
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teresting conversation with the head of 
the mathematics faculty in one of the 
largest engineering schools in Russia; he 
showed me the final examination given 
this past year to first-year students. In 
deploring the decline of standards, he 
asserted that one of the objects of the 
Ministry of Higher Education was the 
propaganda value of the mass produc- 
tion of technicians. It was not denied, 
however, that all of these technicians 
will be useful in the industrialization of 
the Soviet Union. 

Although the demand for technically 
trained personnel has bloated the tech- 
nical schools with its resultant effects on 
Soviet standards, it must be pointed out 
that the Ministry of Higher Education 
has been keenly aware of the effect on 
students of superior intellectual capacity 
of being presented an intellectual train- 
ing geared down to the level of students 
who are either not capable or not inter- 
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Banquet at end of the congress. Menshov (U.S.S.R.) (center) tells anecdote to Lohwater 
as G. Kurepa (Yugoslavia) tries to listen. On far left is the delegate from the People’s 
Republic of China. [Photo by Soviet newsman] 


ested in it, a problem which we are only 
now coming to recognize. 

Of all the differences in American and 
Soviet education, that which impressed 
me most, I found, was the appreciation 
there of the really gifted student, who is 
sifted out and not committed to the stul- 
tifying process of the huge educational 
production line. Such a student comes 
early under the influence of the greatest 
scholars in his field, and he forms with 
his teachers a relationship similar to that 
in the old German universities. The So- 
viet Union is producing several excep- 
tionally powerful young men; for ex- 
ample, in my field (complex variables), 
a young man in his twenties, A. A. Gold- 
berg, one of several excellent students of 
L. I. Volkoviskii of Molotov State Uni- 
versity, has given a remarkable solution 
of a famous problem of Nevanlinna con- 
cerning the defective values of a mero- 
morphic function. I felt that Steenrod 
had the same impressions concerning the 
training of research workers in the field 
of topology; in particular, he was deeply 
impressed by the work of the young to- 
pologist, M. M. Postnikov. 


Steps toward an Exchange Program 


On the evening of 27 June many of 
the foreign delegates were guests at a re- 
ception held by V. P. Elyutin, the Soviet 
Minister of Higher Education. There 
were about 100 people present, including 
many members of the Soviet academy 
from fields other than mathematics. Dur- 
ing the last hour of the reception I was 
asked to join a group of people consist- 
ing of Elyutin and several members of 
the Soviet academy for the purpose of 
formal toasts before some Soviet report- 
ers and photographers. 

As an individual, Elyutin was quite 


friendly; however, as a politician, he 
seemed more immune to the cordial 
spirit displayed by everyone else we en- 
countered at the congress, and he seemed 
to feel that he had an obligation to his 
press to confront me with the shortcom- 
ings of American foreign policy. The 
nature of his first question—whether I 
had seen the highly publicized Iron Cur- 
tain on my train ride down from Hel- 
sinki—prompted me to abandon the use 
of Russian during the interview and to 
make formal use of an interpreter so 
that no misunderstandings might arise. 
Following this line of questioning, he 
asked me how long it had taken me to 
obtain a visa at the Soviet embassy in 
Helsinki and whether it had been neces- 
sary for me to submit to the humiliation 
of being fingerprinted. We discussed the 
concept of fingerprinting in great detail, 
from its widespread use in America as a 
means of identification of criminals and 
government employees to the general re- 
vulsion throughout Europe against its 
use as a requirement for an American 
visa. When this topic had been ex- 
hausted, Elyutin expressed the hope that 
our visit, and that of the American phys- 
icists, marked the beginning of a fruit- 
ful exchange of scientists. He remarked 
that a limited student-exchange program 
was being contemplated, to commence in 
the fall of 1956, but that, unless the State 
Department rescinded its fingerprinting 
requirement, he would announce the 
cancellation of the exchange program 
before the first of September. (On my 
return to the United States in August, I 
read of the collapse of the contemplated 
exchange of the students. ) 

On 29 June I was guest of honor at a 
luncheon held by Academician M, A. 
Lavrentiev at the Praga Restaurant in 
Moscow; the purpose of the luncheon 
was to discuss details of the possible fu- 
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ture exchange of mathematicians be- 
tween the United States and the Soviet 
Union. In addition to Lavrentiev there 
were present Academician A. I. Marku- 
shievich and L. I. Volkoviskii, P. P. 
Kufarev, and P. P. Belinskii. 

A friendly and encouraging atmos- 
phere prevailed, partly because all of 
us have conducted research in the same 
fields and were well acquainted with the 
work of one another, and partly because 
of a genuine desire on both sides to initi- 
ate a period of increased intercourse be- 
tween the mathematicians of both coun- 
tries. It was agreed at the outset by all 
of us that an unfortunate set of relations 
prevails between the U.S.S.R. and Amer- 
ica and that the hopes of our discussion 
would not be furthered if we were to 
spend our time attempting to fix the 
blame for the political situation. Instead, 
we agreed to define those problems 
whose solutions would contribute most 
to our common goal, namely, the earliest 
possible successful exchange of our 
mathematicians. 

I was careful to make it clear to them 
that I had with me no authority to speak 
officially on behalf of any American or- 
ganization, a fact which was known to 
them at the time of my arrival in Mos- 
cow. We then reviewed our conceptions 


of the problems to be encountered in is-_ 


suing invitations. On the Soviet side, the 
problems are simpler, because the deci- 
sion of the Soviet Academy of Sciences 
to invite an American scientist implies 
the approval of the Soviet Government, 
so that a formal invitation from the 
academy would be sufficient for an 
American to obtain a Soviet visa. The 
problems are considerably more compli- 
cated on our side. We must first per- 
suade some _ institution—a_ university, 
scientific society, or philanthropic so- 
ciety—to provide the funds in order to 
substantiate such an invitation. With this 
part of the problem, we do not expect 
insurmountable difficulties. The difficult 
part of the problem appears when the 
institution sponsoring the invitation seeks 
to persuade the State Department to is- 
sue a visa so that the foreign scholar may 
enter the United States. It was almost 
impossible, I pointed out, for me to de- 
scribe adequately the difficulties to be 
encountered with this second part of the 
problem. I mentioned that one of our 
principal difficulties with this part of the 
problem was trying to discern some sort 
of consistent policy. They asserted that 
they were as well aware of this facet of 
the problem as I and that the finger- 
printing requirement was only one of 
the barriers to be overcome. 

As a possible means of overcoming a 
part of this problem, it was suggested 
that each side proceed, although it was 
not to be expected that both be success- 
ful simultaneously in the effort to extend 
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At the reception given by V. P. Elyutin (Soviet Minister of Higher Education). Left to 
right: Elyutin, Lohwater (U.S.A.), F. Severi (Italy), A. Denjoy (France), and M. A. 
Lavrentiev, I. M. Vinogradov, and I. G. Petrovskii. Petrovskii is rector of the Moscow 


State University. [Photo by Soviet newsman] 


invitations, If, as seemed probable, the 
Soviet academy were the first to obtain 
official approval to extend an invitation, 
it should proceed to do so, for the effect 
would be to stimulate the efforts being 
made on our side. 

We then discussed what could be ex- 
pected in the matter of expenses for the 
visiting scholars. I was told that the 
Soviet academy would either provide or 
pay for transportation to America and 
return for whomever we invite but that 
all other expenses inside America should 
be provided by us. Conversely, an Amer- 
ican scholar who is invited to the Soviet 
Union will be expected to get there at 
his own expense, but that, once there, 
he will be provided with everything else. 
I remark, parenthetically, that if the 
level of hospitality shown to Steenrod 
and me during our visit is an indication 
of what our next man is to expect, let 
us hope that he has a strong constitu- 
tion! 

The nature of the activities of the 
scholars under the exchange was then 
brought up. It was asserted that, as 
things stood then in the academy, it 
would not be convenient for an academi- 
cian to visit for more than a month or 


Luncheon held at Praga 
Restaurant to discuss de- 
tails of exchange of mathe- 
maticians. Left to right: A. 
I. Markushievich, L. I. Vol- 
koviskii, P. P. Kufarev, Loh- 
water, P. P. Belinskii, and 
M. A. Lavrentiev. 


two, a remark which had been made to 
me at Elyutin’s reception by other offi- 
cials of the academy. Thus, in its first 
stages, the exchange is anticipated to be 
no more than a series of lectures at the 
research level, rather than in the nature 
of visiting professorships or research 
study grants which could come later, if 
and when the scope of the exchange pro- 
gram is enlarged. They mentioned the 
names of several American mathemati- 
cians in whose work they were inter- 
ested; I presume that these will be 
among the first to be invited. 

It appears to me from the discussion 
at this formal meeting, as well as from 
other conversations, that we are expected 
to invite, if only in our first invitation, 
someone of academy stature, and I feel 
convinced of the need for observing this 
protocol. In mathematics, to be sure, a 
large part of the research is produced 
by relatively young scientists, and, from 
our observations there, the situation in 
the Soviet Union is no exception to this 
rule. Now it is natural for us to want to 
hear from those mathematicians who are 
at the height of their creative periods; 
on the other hand, their assertions to the 
contrary, the young do not have a mo- 








nopoly on creativity, and there are many 
members of the Soviet academy who are 
extremely productive, so that it is pos- 
sible to observe the formalities which I 
judge are expected of us and, at the 
same time, to invite someone who can 
offer us considerable scientific stimula- 
tion. A possibility which might satisfy 
both points of view is that we invite one 
or more academicians together with an 
equal number of their gifted young 
mathematicians. 

Since the congress last summer, the 
upheavals in eastern Europe have 
changed drastically not only many of our 
conceptions of Soviet-American relations 
but also the Soviet conceptions of these 





relations, It does not speak well of either 
of the two governments that almost the 
first expression of displeasure at the turn 
of events in the satellite countries was 
the summary curtailment of all cultural 
relations between the two countries. For 
if it is our long-range intention not to 
live in perpetual hostility to the Soviet 
Union—and the logical consequences of 
the hypothesis of perpetual hostility are 
obvious—then it appears to me that each 
side has struck at the best means of im- 
plementing its long-range intention. It 
was my impression that the longing of 
Soviet scientists and other scholars for 
more contact with their Western col- 
leagues is the most important fissure 


L. M. Terman, Pioneer in 


Mental Measurement 


When Lewis M. Terman died, near 
the end of his 80th year, he was work- 
ing on the manuscript of volume 5 
of Genetic Studies of Genius and was 
simultaneously planning the next 3 
years’ research on his group of 1500 
“gifted children.” No other facts could 
mark the man so well. From 1903, when 
he arrived at Clark University to begin 
graduate work, until his death, his ca- 
reer was a continuous sequence of re- 
search and writing, broken now and 
then by illness and accident but never 
interrupted in its main course. 

At the turn of the century, the idea 
of measuring human abilities was little 
more than a dream, To be sure, E. H. 
Weber had measured sensory thresholds 
long before, and the “new psychology” 
of the 1880’s and 1890’s had isolated 
such simple behaviors as discrimination 
and reaction time. But a man’s perform- 
ances in these molecular processes, it 
was quickly apparent, were quite unre- 
lated to his performances as a thinking, 
reasoning, judging, creating human be- 
ing. 

A new approach was in the making, 
however. In Paris, Binet had discovered 
how to distinguish bright and dull pupils 
with a test composed of difficult “‘school- 
type” questions, At Teachers College, 


Columbia University, Edward L. Thorn- 
dike had developed tests for measuring 
school achievement. These efforts caught 
Terman’s imagination at the very begin- 
ning of his graduate work. He had had 
sufficient experience as a school teacher 
himself to know of the great differences 
among children in their capacities for 
learning. He knew, too, from his own 
early experiences in an intellectually arid 
farm county in Indiana, that high talent 
is likely to be wasted for want of recog- 
nition and encouragement. He thought 
that such wastage was shameful, a tragic 
loss to society of its most valuable re- 
source. He conceived of social progress 
as dependent on how rapidly, and with 
what economy, intellectual giants—“gen- 
iuses” as he later called them—could 
reach their maximum development and 
produce their great ideas. He devoted 
his career to developing methods of 
measuring intellectual ability and to dis- 
covering the qualities of those who are 
most gifted. In a century that has con- 
cerned itself strongly with the remedying 
of evils—illness, poverty, inequity—and 
in a science that seems, perforce, to have 
had to orient itself too often toward the 
care and understanding of the weak and 
inept, Terman turned resolutely toward 
the positive side of man’s existence. As a 


which has appeared in the Iron Curtain, 
in the sense that the proper exploitation 
of this fissure can lead to pressures for 
change inside the Soviet Union by a 
group of people of considerable prestige 
and influence: the sort of pressures 
which we have asserted would bring 
about those changes for which we have 
been hoping. In my view there exists an 
urgent necessity to replace and to en- 
large the basis for the scientific and 
scholarly contacts at all levels, but at 
the very least, there exists the urgent 
necessity of examining and discussing 
our objectives in the general field of the 
cultural and scientific relations between 
the United States and the Soviet Union, 


student of the intellect, his interest in 
feeblemindedness was perfunctory, his 
zeal for the study of genius, burning. 

The half-century since Terman fin- 
ished his doctoral training is almost co- 
incident-with the history of mental test- 
ing. So is Lewis Terman. From the first, 
there was something provocative and ex- 
citing to him in the very idea of meas- 
uring complex psychological qualities, 
His doctoral dissertation was a compari- 
son of seven bright and seven dull school- 
boys. He gave each child a battery of 
more than 40 hours of individual tests, 
probably the most overwhelming test- 
assault inflicted on any child up to that 
time. Nothing much came of the study, 
but it did give Terman a chance to try 
his hand at making up tests. He loved it, 
and he went right on loving it to the end 
of his life. He built test after test for 40 
years, all of them good (technically) 
and nearly all of them useful. 

His first major venture was the revi- 
sion of Binet’s intelligence test. He be- 
gan this task when he went to Stanford 
University as an assistant professor of 
education, in 1910. The Stanford-Binet 
test, as he called it, became at once 
the standard intelligence test for use 
in schools and clinics throughout the 
United States. His selection of a score 
for the test—the IQ—proved immedi- 
ately popular. As a simple measure of 
the influence of Terman on modern so- 
ciety, try to imagine eliminating the IQ 
from our language! 

Although Terman received his doc- 
tor’s degree in both psychology and 
pedagogy, he was perhaps more closely 
associated with the latter than with the 
former in his early years at Stanford 
University. He was in the School of Edu- 
cation, The department of psychology 
was tiny, experimental in the Wundtian 
sense, and, with respect to research, es- 
sentially moribund. When he published 
The Measurement of Intelligence, in 
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1916, Terman was not even a member 
of the American Psychological Associa- 
tion. 

Then came World War I. With a 
great mass of men drawn into the mili- 
tary services, the need for selection de- 
vices was serious and immediate. Under 
Robert M. Yerkes’ direction, a group of 
psychologists went to Washington to pre- 
pare appropriate tests. Among them was 
Terman, and there he rediscovered his 
kinship with psychologists. A list of the 
group that constructed the Army Alpha 
and Beta tests reads like a Who’s Who 
of American psychology in the first quar- 
ter of the century. Many of them were 
originally of the hard-bitten, experimen- 
talist school, and their acceptance of 
Terman’s contribution to the measure- 
ment problems imposed by the national 
emergency reinforced his conviction that 
mental tests are not only of practical sig- 
nificance but are an integral part of sci- 
entific psychology. He never lost his 
belief in the importance of the educa- 
tional applications of testing, but after 
the end of World War I, Terman was 
primarily a psychologist. He joined the 
American Psychological Association, was 
a member of its council in 1919, and was 
elected president in 1923. He was elected 
to the National Academy of Sciences as 
a psychologist. 

In a sense, all this was preparation, 
both for Terman and for the society of 
which he was very intimately a part. 
The Stanford-Binet was a thoroughly 
sound and useful individual test. The 
Army Alpha was a successful group test. 
Together they had paved the way for the 
expansion of tests into whatever realm of 
usage might be reasonably suggested. The 
need for tests was widely recognized; 
Terman and his colleagues had learned 
how to make them. For some few years 
after he returned to Stanford University 
from Washington, Terman practiced his 
skill, in collaboration with T. L. Kelley, 
G. M. Ruch, and others. The Stanford 
Achievement Tests and the Terman 
Group Test were perhaps the most 
widely known products of this period. 
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Not everyone was enthusiastic about 
mental testing. Some philosophers, some 
humanists, some “wise” laymen of inde- 
cipherable antecedents but of wide jour- 
nalistic following were distressed no end 
by the notion that the mind could be 
measured. Not more than two decades 
before, the very idea of mind as a meas- 
urable process had scarcely been sug- 
gested. The philosophy of nonscientists, 
even in 1920, was essentially dualistic 
and, to many, the mind was still in- 
effable. 

As the most visible proponent of men- 
tal testing, Terman was the focal point 
of attack from these sources. He bore up 
well, though with occasional acerbity. His 
answers to the more “sophisticated” at- 
tacks were not brilliant in the philosophic 
sense. He was no philosopher. He an- 
swered in the language a scientist knows 
best—the empirical. He rested his case 
on the simple fact that when a sample 
of behavior is measured under standard 
conditions with a standardized measur- 
ing instrument, future behaviors of a spe- 
cifiably similar kind can be predicted 
with a knowable degree of error. There 
was no metaphysical principle discern- 
ibly involved in the argument. Not sur- 
prisingly, the argument ultimately car- 
ried conviction, even to those who had 
begun by opposing it. In the long history 
of man’s attempt to make the universe 
seem lawful and orderly, mental testing, 
as Terman and others practiced it in the 
first quarter of this century, has probably 
played the largest part in contributing 
an empirically legitimate sense of order 
and lawfulness to those events in the uni- 
verse that are composed of the behavior 
of man himself. 

Test construction was not Terman’s 
main interest for long, however. In 1921 
the Commonwealth Fund provided him 
with a grant large enough to enable him 
to begin the study of a large group of 
gifted children. By diligent search 
through the California schools, he was 
able to locate 1500 youngsters, of aver- 
age age 11, who had IQ’s above 140. 


Terman’s object was to discover what 


the intellectual and other characteristics 
of such a group were. He was distrustful 
of the common myth that the brilliant 
youngster was peculiar, unhealthy, and 
doomed to early deterioration. His obser- 
vations during the course of test con- 
struction had led him to the hypothesis 
that children with high IQ’s become 
adults with equally high intelligence. 

The results of Terman’s study are so 
widely known that they need no sum- 
mary. In brief, he was right. But, not 
content with following the group just 
long enough to discover that “good 
things go together,” he decided to make 
sure once and for all that the gifted child 
of today is the leader of tomorrow. To 
this end, he followed the group con- 
tinuously until his death, by which time 
their average age was 46. His warmth 
and kindness, his perpetual eagerness to 
help and counsel, brought him the en- 
during friendship of his “children.” He 
could easily have answered the questions 
he sought to answer by retaining contact 
—over 35 years—with half of the group. 
Actually, as of 1957, 93 percent of the 
living members are still active partici- 
pants. 

The social importance of this study, 
chronicled as it is in the successive vol- 
umes of Genetic Studies of Genius and 
in dozens of articles in technical journals, 
cannot be overestimated. In the field of 
education, it has given great impetus to 
the discovery‘and maximizing of talent. 
It has made abundantly clear where so- 
ciety’s strongest resources lie, and, more 
generally, it represents the final squash- 
ing of the age-old theory of compensa- 
tion among man’s good qualities. There 
are no negative correlations between in- 
telligence and strength, size, physical 
vigor, and emotional stability. On the 
contrary, where correlation occurs at all, 
it tends to be slightly positive. Never 
again can literate men look on a bright 
child as being, somehow, a kind of bad 
seed. 

Rosert R. SEARS 
Department of Psychology, 
Stanford University, California 





News of Science 


Another Nobelist Urges 
Nuclear Test Ban 


Another Nobel laureate, Linus Paul- 
ing, head of the division of chemistry 
and chemical engineering at California 
Institute of Technology, has publicly 
called for the cessation of hydrogen 
bomb tests. In Chicago recently he 
warned that the proposed British test in 
the Pacific would cause 1000 cases of 
leukemia and suggested that cancellation 
of the test be the first step in interna- 
tional disarmament. 

Pauling also stated that radioactive 
materials released by current nuclear ex- 
plosions are causing a 1-percent increase 
in the total number of mentally retarded 
or deformed children born in the world. 
He said this would be an increase of 
200,000 in one generation. 

When told of Pauling’s statements, 
Samuel K. Allison of the University of 
Chicago’s Nuclear Physics Institute, said: 

“Dr. Pauling is well informed in his 
field, and knows what he is talking about. 
His statement is worthy of publication. 

. I am in favor of discontinuing tests 
of bombs above one megaton (equivalent 
to a million tons of TNT).” Allison, one 
of the leaders in producing the first A- 
bomb, also agreed with Pauling about 
the British test. 


National Academy of Sciences 
Award Winners and New Members 


At the 94th annual meeting of the Na- 
tional Academy of Sciences, which took 
place 22-24 Apr. in Washington, D.C., 
the following men were honored. 

James R. Killian, Jr., president of the 
Massachusetts Institute of Technology, 
received the Public Welfare Medal, gen- 
erally recognized as the most distin- 
guished of the academy’s medals. It is 
unique in that it is awarded for the ap- 
plication of science in the public interest, 
whether by a scientist or not, rather than 
for specific scientific achievements. 

Killian was inaugurated as the 10th 
president of the Massachusetts Institute 
of Technology in April 1949 at the age 
of 45. His administration has been 
marked by an increased emphasis on 
general education and the humanities in 


980 


the education of scientists and engineers, 
by the development of M.I.T. as a resi- 
dential college, and by the institute’s 
steady evolution into a “university polar- 
ized around science.” 

Sven P. Ekman of Uppsala, Sweden, 
received, in absentia, the 1953 Daniel 
Giraud Elliot medal, which is given for 
“the most meritorious work in zoology 
or paleontology published each year.” 
Every year the committee of selection 
reviews the literature of 3 years back in 
order to have the advantage of the per- 
spective of passing time. For 1953 the 
committee selected Ekman’s book, Zo- 
ogeography of the Sea. This work, issued 
in Great Britain, is a volume of 417 pages 
outlining our modern understanding of 
ecological distribution of marine animals. 
Containing much learned discussion and 
significant information on the relation- 
ships of the various faunas throughout 
the seas of the world, it embodies the 
summary of a lifetime of research on the 
part of the author. 

Ekman progressed through successive 
appointments at the University of Upp- 
sala until he became a _ professor in 
1927. He also served as director of the 
university's Klubban Zoological Station 
and of its Zoological Museum until he 
was given emeritus status in 1941. He 
has worked extensively on the systematics 
of the Holothurians, of certain Hydroids, 
of Amphipods, and of other crustaceans, 
in addition to his general studies of 
zoogeography. 

A. H. Sturtevant, professor of genetics 
at the California Institute of Technology, 
received the Kimber Genetics medal “for 
his long and distinguished career as-dis- 
coverer and interpreter of fundamental 
genetic phenomena, as observed not only 
in the fruit fly but also in a number of 
other organisms, plant and animal; and 
for his brilliant studies on the evolution 
of genetic systems.” One of Sturtevant’s 
earliest and most important contributions 
to genetics was his demonstration that 
the genes are located in single linear 
order on the chromosomes, and that it is 
possible to establish the order in which 
the genes are arranged. 

At its business session, the academy 
elected a vice president, two members 
of the council of the academy, 30 mem- 
bers, and four foreign associates. Farring- 


ton Daniels, professor of chemistry, Uni- 
versity of Wisconsin, was elected to serve 
as vice president for a 4-year term be- 
ginning 1 July 1957, succeeding George 
W. Corner who has served since 1 July 
1953. Daniels has been a member of the 
council for the past 3 years. Harry L. 
Shapiro, chairman of the department of 
anthropology, American Museum of Nat- 
ural History, New York, and Frederick 
Seitz, professor of physics, University of 
Illinois, were elected to membership on 
the council of the academy to succeed 
Farrington Daniels and Merle A. Tuve. 

Present officers of the academy, all of 
whom are members of the council, are 
as follows: president, Detlev W. Bronk; 
vice president, George W. Corner; home 
secretary, Hugh L. Dryden; foreign sec- 
retary, John G. Kirkwood; treasurer, 
William J. Robbins. Additional members 
of the council at the present time are E. 
A. Doisy, Farrington Daniels, Theophilus 
S. Painter, I. I. Rabi, F. E. Terman, and 
Merle A. Tuve. 

Newly elected members of the acad- 
emy are Charles A. Anderson, chief, 
Mineral Deposits Branch, U.S. Geologi- 
cal Survey, Washington, D.C.; Edwin B. 
Astwood, New England Center Hospital, 
Boston, Mass.; Joseph C, Aub, Massa- 
chusetts General Hospital, Boston, Mass.; 
Hendrik W. Bode, director of research 
in physical sciences, Bell Telephone Lab- 
oratories, Murray Hill, N.J.; Herbert C. 
Brown, professor of chemistry, Purdue 
University; Edwin H. Colbert, curator of 
fossil reptiles and amphibians, American 
Museum of Natural History, New York; 
Joseph L. Doob, professor of mathemat- 
ics, University of Illinois;.Paul M. Doty, 
professor of chemistry, Harvard Univer- 
sity; Charles S. Draper, professor of 
aeronautical engineering, Massachusetts 
Institute of Technology; Walter M. El- 
sasser, professor of physics, University of 
Utah; Katherine Esau, professor of bot- 
any, college of Agriculture, University of 
California, Davis; Jesse L. Greenstein, 
staff member, Mount Wilson and Palo- 
mar Observatories, Pasadena, Calif.; Al- 
exander Hollaender, director, Biology 
Division, Oak Ridge National Labora- 
tory, Oak Ridge, Tenn.; Donald F. Hor- 
nig, professor of chemistry, Brown Uni- 
versity; Joseph Kaplan, professor of 
physics, University of California, Los 
Angeles; Charles Kittel, professor of 
physics, University of California, Berke- 
ley; Heinrich Kliiver, professor, division 
of biological sciences, University of Chi- 
cago; Arthur Kornberg, professor of 
microbiology, Washington University 
Medical School, St. Louis; Joshua Led- 
erberg, professor of genetics, University 
of Wisconsin; Howard J. Lucas, emeritus 
professor of chemistry, California Insti- 
tute of Technology; Alden H. Miller, 
professor of zoology, University of Calli- 
fornia, Berkeley; Hallam L. Movius, Jr., 
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curator of Palaeolithic archaeology, Pea- 
body Museum, Harvard University; Sev- 
ero Ochoa, professor of biochemistry, 
New York University Medical College; 
Roger R. D. Revelle, director, Scripps 
Institution of Oceanography, La Jolla, 
Calif.; Leonard I. Schiff, professor of 
physics, Stanford University; John C. 
Sheehan, professor of organic chemistry, 
Massachusetts Institute of Technology; 
Joseph E, Smadel, director, Communi- 
cable Diseases Division, Army Medical 
Service Graduate School, Walter Reed 
Army Medical Center, Washington, 
D.C.; Cyril S. Smith, professor of metal- 
lurgy, University of Chicago; Robert R. 
Wilson, professor of physics, Cornell 
University; Jerrold R. Zacharias, pro- 
fessor of physics, Massachusetts Institute 
of Technology. 

Newly elected foreign associates are 
Heinz Hopf, professor of higher mathe- 
matics, Swiss Federal Institute of Tech- 
nology, Zurich, Switzerland; Axel H. 
Theorell, head of biochemistry depart- 
ment, Nobel Medical Institute, Stock- 
holm, Sweden; Edgar W. R. Steacie, 
president, National Research Council, 
Ottawa, Canada; N. F. Mott, professor 
of experimental physics, Cavendish Lab- 
gratory, Cambridge, England. 


Army Package Power Reactor 


The Army Package Power Reactor 
(APPR) prototype stationary nuclear 
power plant developed by the Atomic 
Energy Commission for the Department 
of Defense, generated electricity for the 
first time during test operations last 
month at the U.S, Army Engineer Cen- 
ter, Fort Belvoir, Va. The reactor is 
termed a “package” power plant because 
it is designed so that its components may 
be transported by air for use at remote 
military installations, such as arctic 
bases. 


AEC Field Inspection Groups 


The U.S. Atomic Energy Commission 
has established inspection groups in nine 
of its operations offices located through- 
out the United States. Each office has 
been assigned a specific geographic area 
and is responsible for the inspection in 
that area of access permit holders and 
users of uranium, thorium, and radio- 
isotopes under commission license. In- 
spection of licensed production and uti- 
lization facilities, such as reactors, will 
continue to be made by the Division of 
Inspection in Washington, D.C. 

Each field office will be responsible for 
gathering information to show whether 
or not commission licensees and access 
permit holders are in compliance with 
the commission’s rules and regulations 
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and with special conditions in the permit 
or license. (Permits authorize access to 
classified information and licenses auth- 
orize possession and use of radioactive 
materials.) Field inspection groups will 
work closely with state inspection agen- 
cies. It is anticipated that federal and 
state cooperation in inspection activities 
will be enlarged as the inspection pro- 
gram is further developed. 


NSF Institute Program 


The National Science Foundation has 
announced that it will accept proposals 
for support of summer institutes in 1958 
and of academic-year institutes during 
1958-59. The institute program is de- 
signed to help teachers of science and 
mathematics improve their subject mat- 
ter knowledge and their teaching capa- 
bilities. The current program will sup- 
port 96 summer institutes this year, and 
16 academic-year (1957-58) institutes in 
colleges and universities throughout the 
nation. 

Academic-year institutes offer full- 
time work during the regular school year 
that is designed especially for secondary- 
school teachers. The foundation sup- 
ports attendance of such teachers; this 
support includes dependency, book, and 
travel allowances. In addition, proposals 
may request funds for tuition and fees 
and other operating costs. 

Summer institutes also offer work in 
the subject matter of the sciences and 
mathematics especially designed for 
teachers. Proposals may be presented 
that are designed for the special needs 
of high-school teachers, college teachers, 
or science supervisors. Foundation sup- 
port may be requested for stipend, de- 
pendency, and travel allowances, tuition 
and fees, and other operating costs. 

Directions for preparing proposals and 
forms to be used in making application 
may be obtained by interested institu- 
tions of higher education from the Divi- 
sion of Scientific Personnel and Educa- 
tion, National Science Foundation, 
Washington 25, D.C. Deadlines are / 
Aug. 1957 for submission of proposals for 
institutes to be held in the summer of 
1958; 1 Sept. 1957 for proposals for sup- 
port of academic-year institutes during 
1958-59. 


Stellarator at Princeton 


The U.S. Atomic Energy Commission 
has approved plans for the design and 
construction of a large experimental de- 
vice for research on controlled thermonu- 
clear reactions at the Forrestal Research 
Center at Princeton University. The ma- 
chine, named the Model C Stellarator 
(coined from stellar and generator), will 


not be a pilot plant or prototype of a 
thermonuclear power plant. It will be 
exclusively a research tool, making pos- 
sible experimental work which cannot 
be performed as effectively with smaller 
models. Experiments with the stellarator 
are expected to begin late in 1950 or 
in 1961. 

The stellarator consists essentially of 
a hollow tube containing ionized gas. 
Around the tube are external coils which 
produce a magnetic field to confine the 
gas. The objective of the research pro- 
gram is to heat the gas to temperatures 
of millions of degrees and at the same 
time to confine the heated gas within the 
tube for enough time to allow fusion re- 
actions to take place. 

A research team at Princeton has been 
engaged since 1951 in the controlled 
fusion research program under contract 
with the AEC, In addition to theoretical 
work, the Princeton group has conducted 
extensive experimentation with small 
stellarator models. The controlled ther- 
monuclear project at Princeton is under 
the direction of Lyman Spitzer, Jr., and 
the work is under the general supervision 
of a committee headed by H. D. Smyth, 
formerly a member of the AEC. 


Southward Flow under Gulf Stream 


A massive deep current flowing to the 
south under the Gulf Stream has been 
measured recently as a result of coopera- 
tion between the royal research ship 
Discovery II of the British National In- 
stitute of Oceanography and the research 
vessel Atlantis of the Woods Hole Ocean- 
ographic Institution. The use of an in- 
strument designed by J. C. Swallow of 
the National Institute of Oceanography, 
together with a theory suggested by 
Henry Stommel of the Woods Hole 
Oceanographic Institution, has changed 
fundamental concepts concerning ocean 
currents. Observations to be made by 
some 70 ships during the International 
Geophysical Year will be much more 
meaningful as a result of this work. 

An operating plan was decided upon 
by the chief scientists of both ships, H. 
F. P. Herdman and L. Valentine Worth- 
ington; then an area in the Gulf Stream 
east of Charleston, S.C., near the Blake 
Plateau was studied. 

Swallow’s new research device consists 
of a fairly simple electronic system send- 
ing out “pings” similar to those in use by 
echo-sounding. Encased in a 9-foot-long 
aluminum alloy pipe, 2 inches in diam- 
eter, the apparatus is neutrally buoyant, 
meaning that it can be made to sink to 
a predetermined depth where its density 
is equal to that of the surrounding water. 
There, the float remains, being carried 
away at the same rate and in the same 
direction as the subsurface ocean current. 
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The subsurface float is tracked with the 
aid of underwater sound signals. 

Minimal motion of the entire water 
column was found at about 4500 to 6000 
feet below the surface, while the veloci- 
ties increased with depth below that 
level, as was theoretically predicted. The 
southerly currents ranged from about 
1/10 knot to about ¥3 knot at depths of 
approximately 8400 feet. In contrast, the 
surface velocity of the Gulf Stream in its 
narrow inshore edge is 4 to 5 knots. An 
ocean bottom photograph made by A. S. 
Laughton from the Discovery II showed 
a southerly current only 18 inches above 
the bottom, as evidenced by the direc- 
tion of a ping pong ball hung by a string 
from a compass. It appears, therefore, 
that off the Blake Plateau the upper half 
of the entire water column moves toward 
the north, while the lower half moves 
southward. 


National Medical Library 


A site on the acreage of the National 
Institutes of Health, Bethesda, Md., has 
been chosen for the National Library of 
Medicine. The library, started in 1836, 
has more than 500 incunabula, many 
thousand rare books of later date, and a 
collection of theses that many medical 
men consider to be unsurpassed. It has 
500,000 bound volumes and more than 
1 million titles in medicine, public 
health, dentistry, and allied sciences in 
all languages and of all times. Also the 
library’s collection of portraits of medi- 
cal men and its photographs in the medi- 
cal field are outstanding. The library, 
formerly the Armed Forces Medical 
Library, has been waiting for a new 
building for 40 years. 


Cerebral Vascular Disease 


The launching of the first, nationwide 
cooperative research program to combat 
cerebral vascular disease was announced 
recently by the U.S. Public Health Serv- 
ice. Ten medical research centers in nine 
states have already joined in the pro- 
gram, and it is expected that 35 to 40 
institutions will ultimately participate. 
The program, which is expected to run 
5 or 6 years, is under the auspices of the 
National Institute of Neurological Dis- 
eases and Blindness. 

It has been calculated that as many as 
1.8 million living Americans have suf- 
fered cerebral strokes at one time or an- 
other. Deaths due to such strokes are 
estimated at 175,000 annually, the na- 
tion’s third ranking cause of mortality. 

The new program was made possible 
by grants totaling $172,000 to the various 
participating organizations. The work 
will be supplemented by the 29 current 
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projects on various aspects of cerebral 
vascular disease that are supported by 
National Institutes of Health grants 
amounting to about $250,000. 

The new investigation will make pos- 
sible a coordinated study of thousands 
of patients who either have suffered a 
stroke or who show clinical signs indi- 
cating that a stroke might be coming on. 
The research results are expected to shed 
new light on the nature and causes of 
strokes and to open the way to more 
effective treatment methods. Relatively 
few data are now available on the effec- 
tiveness of the various methods currently 
in use, 

Data collected will be collated and 
evaluated at the University of Iowa 
(Iowa City), one of the cooperating in- 
stitutions. Other participating institu- 
tions are the University of Minnesota, 
the Massachusetts General Hospital 
(Boston, Mass.), the University of Mich- 
igan, Duke University, the University of 
Pennsylvania,. Columbia University, In- 
diana University, the Buffalo General 
Hospital (Buffalo, N.Y.), and Washing- 
ton University (St. Louis, Mo.). 


Sherrington Centenary 


This is the centenary year of the 
birth of Sir Charles Scott Sherrington, a 
founder and main architect of our 
knowledge of the physiology of the nerv- 
ous system. The Royal Society of Medi- 
cine, London, England, wishing to pay 
tribute to his life and work, proposes to 
raise a fund toward a Sherrington lec- 
ture for the furtherance of knowledge on 
the nervous system, to be delivered from 
time to time in the society’s rooms in 
London, It is felt that many will wish 
to contribute: both those who were his 
friends, pupils, and colleagues, and those, 
more numerous, who, as patients, doc- 
tors and scientists, have benefited indi- 
rectly from his work. Donations, identi- 
fied as contributions to the Sherrington 
Memorial, should be made payable to 
the Secretary, The Royal Society of 
Medicine, 1 Wimpole Street, London, 
WV A 

Representatives of scientific societies 
supporting the appeal include: Sir Rus- 
sell Brain, president, Royal College of 
Physicians; Sir Lindor Brown, foreign 
secretary, Physiological Society; John 
Fulton, Sterling professor of the history 
of medicine, Yale University; W. R. 
Henderson, president, Society of British 
Neurological Surgeons; Sir Cyril Hin- 
shelwood, president of the Royal Society; 
E. G. T. Liddell, Waynflete professor of 
physiology, University of Oxford; D. W. 
C. Northfield, president, Section of Neu- 
rology, Royal Society of Medicine; Sir 
Clement Price Thomas, president, Royal 
Society of Medicine; Sir Charles Sym- 


onds, president, Association of British 
Neurologists; and Sir Francis Walshe, 
chairman, Sherrington Memorial Com- 
mittee, Royal Society of Medicine. 


Cancer Society Awards 


The American Cancer Society has an- 
nounced the award of $4,636,651 for re- 
search to 243 scientists in 108 universities 
and medical centers in 35 states, an all- 
time record for the society. The grants 
were made from 408 applications. The 
amount awarded is in addition to the 
$3,000,350 in grants to 46 research cen- 
ters already allocated during the current 
fiscal year. In all the society is this year 
devoting $7,637,001 to cancer research. 


Health Science Center at Brown 


Brown University has announced the 
establishment of an Institute for Re- 
search in the Health Sciences to serve 
as a center for cooperation with hospitals 
and other institutions in the community 
and for the conduct of experimental 
programs in these sciences. Glidden L. 
Brooks, medical director of the United 
Cerebral Palsy Associations, has been ap- 
pointed director of the institute, effective 
1 July. 

Initially the institute will provide 
means for implementing the grant re- 
ceived last November by the university 
from the U.S, Public Health Service for 
an investigation into the cause of cerebral 
palsy and mental retardation. This is 
part of a multimillion-dollar study in 
which eight colleges and universities are 
to collaborate. Brown University was one 
of the first of these educational institu- 
tions to receive a grant for carrying out 
the program. Awards of more than 
$700,000 were made to Brown and Yale 
universities last November for 5 years of 
research, with Brown receiving $97,633 
for the first year’s work. With the cere- 
bral palsy program as an example, simi- 
lar programs in the fields of other health 
sciences are expected to be undertaken 
in the future. 


IGY Openings in Antarctic 


Opportunities exist in the Antarctic 
program planned by the U.S. National 
Committee for the International Geo- 
physical Year for scientists, engineers, 
and technicians at the bachelors, masters, 
and doctorate levels of training and ex- 
perience in physics, geophysics, electron- 
ics, or closely allied areas, The U.S. Ant- 
arctic program emphasizes the following 
fields: aurora and airglow, cosmic rays, 
glaciology, gravity, ionospheric physics, 
meteorology, and seismology. Most of 
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the current openings exist in the fields 
of meteorology and glaciology, although 
the other fields still require a limited 
number of specialists. 

Research stations have been estab- 
lished at Little America in Marie Byrd 
Land (Byrd Station), at the South Geo- 
graphic Pole (Amundsen-Scott South 
Pole Station), on the Knox Coast 
(Wilkes Station), and along the Weddell 
Sea (Ellsworth Station). 

The first group of scientists and tech- 
nicians are now on-station and geophysi- 
cal observations and studies are under- 
way. The program of observations will 
continue until April 1959. A second 
group will leave the United States on 
about 1 Nov. 1957. Prior to departure, 
approximately 2 months of advanced 
training will be provided in problems of 
research, instrumentation, and operations 
in polar regions. 

Interested candidates are invited to 
address inquiries to the following Ant- 
arctic Project Leaders: aurora and air- 
glow—Mr. Norman J. Oliver, A. F. 
Cambridge Research Center, Laurence 
G, Hanscom Field, Bedford, Mass.; glac- 
iology, gravity, and seismology—Miss 
Diana Fisher, Glaciological Headquar- 
ters Office, USNC-IGY, 1145 19th St. 
NW, Washington 6, D.C.; ionospheric 
physics—Mr. Harry G. Sellery, Central 
Radio Propagation Laboratory, National 
Bureau of Standards, Boulder, Colo.; 
meteorology—Mr. Ervin A. Volbrecht, 
U.S. Weather Bureau, 24th and M Sts., 
NW, Washington 25, D.C. 


Reactor for Greece 


A site on the slopes of Mount Hymet- 
tus, 10 miles-from the center of Athens, 
has been selected for the construction of 
Greece’s first nuclear research reactor. 
The new facility will be known as the 
Democritus Nuclear Research. Labora- 
tory in honor of the Greek physicist of 
470 s.c. The pool-type reactor now is 
being built in the United States and is 
due fordelivery in February 1958. 


News Briefs 


The Atomic Energy Commission re- 
cently allowed unclassified tours for all 
news media at its two large Pacific 
Northwest installations, the Hanford 
works at Richland, Wash., and the Na- 
tional Reactor Testing Station at Idaho 
Falls, Idaho. This was the first time news 
representatives had had access to the 
Hanford facilities. The tour did not 
include plutonium production facilities 
there, but was limited to laboratory and 
test units. 

* * * r 
A hospital for the treatment of the 
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mentally ill is to be built by the Depart- 
ment of Mental Hygiene of the State of 
New York at a cost of $70 million on 125 
acres of reclaimed marshland along the 
Hutchinson River Parkway in the Bronx. 
The new mental hospital, the first to be 
built by the state in 25 years, will accom- 
modate 3000 patients. 
* * * 

The department of bacteriology of the 
University of* Nebraska will offer the 
doctorate beginning in the fall of 1957. 

* * * 

The name of the Colorado Agricul- 
tural and Mechanical College, Fort Col- 
lins, Colo., was changed to Colorado 
State University on 1 May. 

* * * 

The University of Missouri School of 
Medicine will bestow M.D. degrees on 
23 graduating students at the annual 
commencement exercises. Not since 1908 
has the university offered a 4-year cur- 
riculum. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list of such bills 
introduced recently follows: 

S 1298. Assist. states in providing 
needed vocational education of less than 
college grade in essential occupations, in- 
cluding retraining made necessary by 
scientific and technological develop- 
ments, through establishment and main- 
tenance of area vocational school pro- 
grams providing vocational training and 
retraining for persons residing in state or 
area, including related instruction for 
apprentices. Hill (D Ala.) 

S 1229. Reduce loss of life, personal 
injuries, and property damage resulting 
from automobile accidents by establish- 
ing an automobile and highway safety 
division within Department of Health, 
Education, and Welfare to work in co- 
operation with public and private agen- 
cies for such purposes. Johnson (D Tex.) 
Senate Labor and Public Welfare. 

HR 5252. Provide loans to enable 
needy and scholastically qualified stu- 
dents to continue post-high-school edu- 
cation. Teller (D N.Y.) House Educa- 
tion and Labor. 

S 1326. Establish a system for classifi- 
cation and compensation of scientific and 
professional, pasitions.in Federal Gov- 
ernment. Johnston (D S.C.) Senate Post 
Office and Civil Service. 

H J Res 250. Establish a Joint Com- 
mittee on Scientific Research. Judd (R 
Minn.) House Rules. 

S J Res 68. Provide for construction 
and operation of an atomic power proto- 
type reactor demonstration facility in 
state of Vermont. Aiken (R Vt.) Joint 
Atomic Energy. 


HR 5646. Prohibit experiments upon 
living dogs in District of Columbia and 
provide a penalty for violation thereof. 
Burdick (R N.D.) House District of 
Columbia. 

HR 5238. Establish a National Out- 
door Recreation Resources Review Com- 
mission to study outdoor recreation re- 
sources of the public lands and other 
land and water areas of the U.S. Hagen 


(D Calif.) House Interior and Insular 
Affairs. 


Scientists in the News 


The Albert and Mary Lasker Founda- 
tion in New York has announced the 
eighth annual selections in the nation- 
wide medical journalism competition 
covering newspapers, magazines, and 
radio-television broadcasts. Winners of 
the $2000 awards are as follows: 

ROBERT S. BIRD, staff writer, New 
York Herald Tribune, for his series of 
six articles published in July 1956 on 
rising trends of venereal disease rates 
among teen-agers and adults in the 
United States. 

ROLAND H. BERG, medical and 
science editor, Look Magazine, for his 
article, “The state of the nation’s health,” 
published in April 1956. 

Public Affairs Department, Columbia 
Broadcasting System and Station WCBS- 
TV, New York, jointly, for the docu- 
mentary television productions, “Out of 
Darkness” and “The Wassaic Story,” 
dealing with mental illness and mental 
retardation, respectively, and presented 
over the CBS network in 1956. “Out of 
Darkness” was produced, written, and 
directed by ALBERT WASSERMAN, 
with IRVING GITLIN serving as ex- 
ecutive producer. Gitlin is also director 
of the public affairs department. “The 
Wassaic Story” was written by BILL 
LEONARD and ARTHUR ZEGART, 
directed by Zegart and produced by 
Leonard. 


JOHN F. FULTON, Sterling profes- 
sor of the history of medicine at Yale 
University, will receive an honorary doc- 
tor of letters degree from Oxford Uni- 
versity in England this June, as will the 
actor Sir Laurence Olivier. Both will be 
cited for distinguished contributions to 
English letters. Fulton is well known for 
his biography of Harvey Cushing:and for 
pioneer research in neurophysiology and 
physiologic problems of aviation medi- 
cine. 


BERNARD D. DAVIS, professor of 
pharmacology and chairman of that de- 
partment at the New York University 
College of Medicine, has been appointed 
professor of bacteriology and immunol- 
ogy at Harvard University and head of 
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the department of bacteriology and im- 
munology in the Harvard Medical 
School. He will begin his service at Har- 
vard on 1 July. 

In the field of research, Davis is re- 
sponsible for the discovery that many 
drugs, particularly the sulfa drugs, are 
bound to the proteins of the blood 
plasma. The degree of binding to these 
circulating proteins determines the ex- 
tent of the drug’s distribution throughout 
the body. 

He is also credited with the finding, 
made during research in the field of 
tuberculosis, that albumin promotes the 
growth of the tubercle bacillus by pro- 
tecting the organisms from fatty acids 
that would normally be destructive. Re- 
cently Davis has been concerned with 
the study of bacterial mutants. 


MUSA GHANTUS, professor of anat- 
omy and associate dean of medicine, 
American University, Beirut, Lebanon, is 
visiting professor of anatomy at the Uni- 
versity of Tennessee Medical Units in 
Memphis during the spring quarter, 
which ends in June. Ghantus was at the 
University of California at Los Angeles 
College of Medicine during the fall se- 
mester. 


CHARLES F. BROOKS, professor 
of meteorology at Harvard University 
and head of the university’s weather re- 
search station at Blue Hill, will retire 
this summer. Within the field of weather 
and climate, Brooks’ interests have 
ranged widely: he has done a great deal 
of work on clouds, relationships between 
ocean temperature and weather, instru- 
ments and methods, snow, and clima- 
tology. He is joint author of Climatology 
of North America and the West Indies, 
Climatic Maps of North America, and 
Eclipse Meteorology, and author of Why 
the Weather? He also helped prepare 
the new 2-volume International Cloud 
Atlas. 

Brooks received his A.B. in 1911 and 
his Ph.D. in 1914 from Harvard. He 
served as an instructor at Yale Univer- 
sity, he was in the U.S. Army School of 
Meteorology during World War I, and 
later he became a professor at Clark 
University. Since 1931 he has been pro- 
fessor of meteorology and director of 
Harvard’s Blue Hill Meteorological Ob- 
servatory, in Milton, Mass. 

He was the founder of the American 
Meteorological Society and its Bulletin. 
He served the society as its secretary for 
35 years, and for 16 years was also 
editor. In addition, he was one of the 
founders of the Mount Washington Ob- 
servatory, which he has directed for 
nearly 25 years. Brooks is a member of 
the American Academy of Arts and 
Sciences, the Association of American 
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Geographers (past-president), and the 
American Geophysical Union, and a 
fellow of the Royal Meteorological 
Society of Great Britain, the American 
Geographical Society, and others. 


DONALD SMELT, chief of wind- 
tunnel operations for ARO, Inc., Tulla- 
homa, Tenn., has been named first di- 
rector of the new design office in the 
Research and Development Branch of 
the Lockheed Missile Systems Division, 
Van Nuys, Calif. Smelt’s list of aero- 
nautical accomplishments includes: the 
evaluation of the German V-1 and V-2 
missiles for Britain during World War 
II; the direction of flight-test activities 
for the first British jet plane; command 
of missile development for all British 
armed forces; and development of the 
“hot-shot” wind tunnel, which simulates 
not only high speed but also the tem- 
peratures of supersonic flight. 


G. R. RIDINGS, formerly of the 
University of Mississippi Medical Center, 
has become the first full-time head of 
the department of radiology at the Uni- 
versity of Oklahoma School of Medi- 
cine. Ridings’ appointment now gives 
the school seven clinical departments 
with full-time directors. 

Also at Oklahoma, HENRY B. 
STRENGE, head of the department of 
pediatrics, has resigned, effective 1 July. 
He has been a member of the university’s 
faculty since 1948. 


BAIRD HASTINGS, Hamilton Kuhn 
professor of biological chemistry at Har- 
vard University and head of the depart- 
ment of biochemistry in the Harvard 
Medical School, has been named hon- 
orary professor on the faculty of medi- 
cine, Universidad Nacional Mayor de 
San Marcos de Lima, Peru. Hastings re- 
ceived the honor during his participation 
in a special convocation marking the 
dedication of the new Institute of Bio- 
chemistry and Nutrition at the South 
American university. 


EDMUND N. FULKER has been ap- 
pointed director of the Reading Im- 
provement Laboratory, U.S. Depart- 
ment of Agriculture. He was formerly 
director of the Headquarters USAF 
Reading Improvement Laboratory, the 
Pentagon, where he has been succeeded 


by JAMES E. GILBERT. 


HAROLD TORGERSON, associate 
dean of the College of Engineering at 
New York University, has. been ap- 
pointed dean of the School of Engineer- 
ing at the University of Connecticut. He 
will take over his new duties this sum- 
mer. He succeeds the late Francis L. 
Castleman, Jr. 





J. STUART JOHNSON, professor 
and head of the School of Electrical 
Engineering at Purdue University, has 
been appointed dean of Wayne State 
University’s College of Engineering. He 
succeeds acting dean REX SCHOON- 
OVER, who retires 1 July after 36 years 
at Wayne. 


Recent Deaths 


RUSSELL O. BREW, Haddonfield, 
N.J.; 47; engineer and specialist in pho- 
tographic problems for the Radio Cor- 
poration of America; 23 Apr. 

VEZEAUX pELAVERGNE; retired 
head of the department of bacteriology 
of the medical faculty of the University 
of Nancy; 21 Mar. 

FRIEDA FROMM-REICHMANN, 
Rockville, Md.; 67; senior consultant and 
director of psychotherapy at the Rock- 
ville Sanitarium; 28 Apr. 

EDGAR T. HOLMBERG, Cleveland, 
Ohio; 72; retired vice president of the 
Herron Testing Laboratories, Inc., who 
formerly had been a chemical engineer 
and chief chemist for the company; 25 
Apr. 

JOHN G. KERR, Barley, England; 
87; zoologist who ‘originated “dazzle” 
camouflage painting in World War I; 
former Regius professor of zoology at 
Glasgow University; 24 Apr. 

ARTHUR S. KING, Pasadena, Calif.; 
81; retired physicist who headed the 
physics laboratory at Mount Wilson Ob- 
servatory from 1908 to 1943; member 
of the physics staff at California Institute 
of Technology for 2 years during World 
War II; mathematician with the Naval 
Ordnance Test Station at Pasadena until 
1954; 25 Apr. 

SIR MURDOCH MacDONALD, 
Nairn, Scotland; 91; consulting civil en- 
gineer who designed the original Aswan 
Dam in Egypt; 24 Apr. 

GERARD MONTUS, Geneva, Switz- 
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Dielectric Properties of the 
Membrane of Lysed Erythrocytes 


The dielectric properties of the 
(plasma) membrane of normal erythro- 
cytes are frequency independent at fre- 
quencies below 10 kcy/sec. (1). On the 
other hand, the properties of the mem- 
brane of hemolyzed erythrocytes have 
been reported to change with frequency 
in the range from 500 cy to 100 kcy/sec 
(2). Data available at the beginning of 
the present investigation (3) were not 
adequate to determine whether this fre- 
quency dependence extended over many 
octaves, as anticipated from a study of a 
(plasma) membrane whose dielectric 
properties change as a power function of 
frequency (4), or whether it is limited 
to a smaller frequency spectrum similar 
to that reported by one of us in the case 
of muscle cells (5). 

For these reasons, it was decided to 
measure the capacitance C (in micro- 
microfarads) and resistance R (in ohms) 
of suspensions of hemolyzed_ erythro- 
cytes, extending the range of observation 
to frequencies as low as possible. As a 
first step, cells hemolyzed with distilled 
water were investigated. Heparinized 


~ fresh beef blood was washed with Ringer 


Tyrode at pH 7.6 and centrifuged to 
high cellular volume concentration. The 
erythrocytes were resuspended in triple 
their volume of distilled water. Measure- 
ments were carried out at 25°C and 
evaluated under precautions previously 
summarized (1). Figure 1 shows the re- 
sults obtained from one typical experi- 
ment. The points represent individual 
measurements. 

If the dispersion arises from a relaxa- 
tion process with a single relaxation 
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Reports 


time T =1/2zf,, it must be possible to 
represent the data by the following rela- 
tionships: 


om Co-— Ca “ 
ia ET ok 
ae > (f/fo)* 
R=R.- (Ro Re) Ty. /fay? 


where Cy, Cw and Ry, Re are the low- 
and high-frequency limits of the capaci- 
tance and resistance, and f, is the relaxa- 
tion frequency determined by the mag- 
nitude of the dispersion of resistance 
and capacitance as follows: 


Ro - Re= 2xfo (Co— Ca) RoR» 


The derivation of these equations is 
based only on the assumptions of linear- 
ity and exponential response of polariza- 
tion to a step-function potential. Intro- 
ducing the measured values of Ry — Re = 
1.18 ohm and C,-—Cx=34 wyf, we 
determine fy=1.9 kcy/sec. The curves 
corresponding to these parameters have 
been drawn as solid lines in Fig. 1. 
Agreement between measurement and 
theory is seen to be as exact as measure- 


+0.001 percent; capacitance, +[1/f 
(kcy/sec) +0.5] percent). 

The results obtained do not depend on 
current strength, and thus they charac- 
terize the passive behavior of the lysed 
erythrocyte suspension. The capacitance 
of the (plasma) membrane, as calcu- 
lated from the present data above 10 
kcy/sec, is about 0.9 uf/cm? of surface. 
The dielectric constant of the solution is 
almost completely controlled by the con- 
tributions of the (plasma) membrane. 
Hence, the dispersion in the capacitance 
reflects proportionally a dispersion in 
the capacitance of the membrane itself. 

The magnitude of the resistance of the 
suspension, on the other hand, is con- 
trolled largely by the suspending fluid, 
and the dispersion caused by the pres- 
ence of the membranes is a very small 
fraction of the total resistance. Hence, it 
is impossible to compute the resistance 
of the membrane in the same manner 
as is possible to compute the capacitance. 
However, the low frequency dispersion 
reported here establishes an upper limit 
of the membrane resistance above 10 
kcy/sec. If the membrane were a per- 
fect insulator at low frequencies (below 
100 cy/sec), it follows from membrane 
capacitance and ratio of total conduct- 
ance and capacitance change that the 
resistance of the membrane above 10 
kcy/sec is 100 ohm-cm?. 

The phenomenon of frequency-de- 
pendent dielectric properties of the 
(plasma) membrane of hemolyzed eryth- 
rocytes, as demonstrated, proves that 
biological interfaces do not necessarily 
behave in the manner predicted by po- 
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Fig. 1. Frequency dependence of capacity in micromicrofarad and resistance in ohm 
of lysed erythrocyte suspension. Frequency in kilocycles per second; dielectric constant: 
e = 1100 above 10 kcy/sec; specific resistance p = 670 ohm-cm. 
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of the processes underlying the reported 
relaxation effect is not yet clear. The 
effect is similar to the relaxation process 
reported previously in muscle tissue (5), 
except for a time constant which is about 
one-twentieth as large as that for blood 
and about 0.1 msec. The effect may be 
indicative of a double-layer structure of 
the ghost envelope due to two different 
molecular components of different di- 
electric losses (6). 

Even more likely is the existence of a 
mechanism which restricts ion exchange 
across the membrane and which necessi- 
tates about 0.1 msec to become effective. 
The fact that similar relaxation effects 
could not be observed in normal cell sus- 
pensions (/) could be related to an in- 
crease in permeability in the case of 
hemolyzed cells and consequent shift of 
the relaxation spectrum from frequen- 
cies too small to be investigated up to 
the range demonstrated. The simple 
frequency dependence of the membrane 
properties of lysed cells reported here 
and of muscle cells reported previously 
(5) makes it necessary to differentiate 
between “static” and “dynamic” perme- 
ability values, the former applying to 
long-time, and the latter to short-time, 
stimuli, and with the transition charac- 
terized by a single rate constant in the 
case reported in this article. 

H. P. Scowan 
E. L. CarstTENSEN 
Electromedical Division, Moore 
School of Electrical Engineering, 
and School of Medicine, University 
of Pennsylvania, Philadelphia 
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Suspension Counting of Carbon-14 
in Scintillating Gels 


Several techniques have been de- 
scribed for the incorporation of weak 
alpha and beta emitters into a scintil- 
lation counting medium in order to 
achieve the high detection efficiency, 
short resolving time, and energy-discrim- 
ination facilities which are inherent in 
scintillation counting methods. These 
techniques have included direct solution 
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Fig. 1. Linear dependence of counting rate 

on activity with fixed weight (0.1770 g) 

of suspended BaCO; in 10 ml of gel. Curve 

A was obtained with 1.5 kv on the photo- 

multiplier tube, curve B with 1.4 kv. 


in an organic medium (J), the use of 
inorganic salts in water-dioxane solutions 
(2), the syntheses of nonquenching sol- 
vents (3), and the use of quaternary 
ammonium salts (4). Hayes (5) de- 
scribed the counting of tagged materials 
in suspension in liquid scintillators. The 
disadvantage of rapid settling of the 
suspended material inherent in this 
method was overcome by the use of scin- 
tillating gels as described by Funt (6) 
and more recently by White and Helf 
(7). In this article we report an investi- 
gation of the counting efficiencies of scin- 
tillating gels in the estimation of C1 
and their dependence on the concen- 
tration and specific activity of the sus- 
pended material. 

Samples containing BaC4O, of 
known specific activity were prepared 
from active Na,CO,, obtained from 
Atomic Energy of Canada Limited. Scin- 
tillating gels were formed from a liquid 
scintillator solution containing 4.0 g/lit 
of p-terphenyl and 0.1 g/lit of 1,4-bis 
2,5-phenyloxazolyl benzene (POPOP) 
(8). To this solution, 70 g/lit of alu- 
minum stearate was added for the for- 
mation of rigid gels, and the desired 
weight of BaC'O, was then incorpo- 
rated. A 10-ml scintillator volume was 
used, and the precipitate was dispersed 
uniformly throughout the colloidal solu- 
tion by vigorous shaking. Gelation was 
produced by inserting the glass vial con- 
taining the suspension into water at 
80°C. Vials 22 by 10 cm were used in 
the preparation and measurement of the 
samples. The vials were surrounded by 
MgO reflectors, and the corks were lined 


with aluminum foil for the counting ex- 
periments. They were bonded with sili- 
cone fluid to Dumont K1295 or K1190 
photomultiplier tubes. The counting 
equipment consisted of a standard scin- 
tillation counting assembly, including 
cathode follower, Atomic 204 linear 
amplifier, constant voltage supply, Dyna- 
tron N/101 discriminator, and Tracer- 
lab 105 scaler. 

The linear dependence of. counting 
rate on specific activity is illustrated in 
Fig. 1. For this experiment, a constant 
weight of BaCO, (0.1700 g) was sus- 
pended in 10 ml of the gel. In the range 
of specific activities from 0.005 to 0.150 
uc, the counting rate was found to be 
linearly dependent on the activity. For 
the preparation of these samples, a con- 
stant volume of Na,CO, solution, pre- 
pared from varying ratios of active and 
inactive Na,CO, of the same molarity, 
was used. The tests were conducted with 
samples of high activity, and it was thus 
possible to set the discriminator to count 
all pulses greater than 4 v without unduly 
increasing the background and _ noise 
counting rate contribution. In Fig. 1, 
curve A was taken with a potential of 
1.5 kv on a 1-inch K1190 photomulti- 
plier tube mounted in a massive lead 
shield. Under these conditions, an aver- 
age background counting rate of approx- 
imately 50 count/sec was obtained in a 
counting rate (corrected for back- 
ground) of between 200 and 5000 count/ 
sec. For samples of lower activity, it 
would be desirable to reduce the back- 
ground count. A lower potential on the 
photomultiplier tube (1.4 kv) produced 
curve B with the same discriminator set- 
tings. In this instance, the background 
was reduced to approximately 18 count/ 
sec. However, the over-all counting effi- 
ciency was reduced as a result of this 
drop in amplification, and a greater 
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Fig. 2. Variation of counting rate with 
weight of suspended material at constant 
activity (0.05 uc). 
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Table 1. Optical transmittance of scintil- 
lating gels of aluminum stearate. J, trans- 
mitted radiant power; Jo, incident radiant 
power. The absorbance A = abc, where a 
is the absorptivity, b is the thickness of the 
cell, and ¢ is the concentration in grams 
per liter. 


Al 5000 A 


P 4500 A 
stear- 

ate We ; ea 
concn. og og 
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10 1.015 0.0064 1.029 0.0123 
30 1.068 0.0286 1.092 0.0382 
50 1.098 0.0407 1.128 0.0522 
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decrease would be inevitable if the dis- 
criminator bias were set higher in order 
to further reduce the background con- 
tribution for less active samples. 

The variation of counting efficiency 
with total weight of precipitate at a con- 
stant specific activity is shown in Fig. 2. 
The samples were prepared from a fixed 
volume of active Na,CO,, mixed with 
varying volumes of inactive Na,CO, of 
the same molarity. For this experiment 
a total activity of 0.05 uc was maintained 
in each sample. The counting data were 
obtained on a Dumont K1295 2-inch 
photomultiplier tube. The counting effi- 
ciencies dropped from 75.6 percent for 
1 percent by weight of precipitate to 
37.2 percent for 7.5 percent by weight 
of precipitate in these tests. The abso- 
lute counting efficiencies quoted are 
based on the stated activity of the 
Na,CO, solution used, but the indicated 
accuracy of this source was + 10 percent, 
and the calculated efficiencies may be 
in error by this amount. The effects of 
particle size and density were not in- 
vestigated, but it seems obvious that set- 
tling and self-absorption effects would be 
reduced if a material of lower density 
than BaCO, (density 4.4) were used. 

Some gels were formed in evacuated 
cells in order to eliminate the effects of 
oxygen quenching (9). An increase in 
pulse height and in counting efficiency 
was observed under these conditions. 
For example, the count of a sample con- 
taining 0.1665 g of BaCO, and 0.05 uc 
activity increased from 1360 to 1585 
count/sec. 

The optical transmission of the gels 
was also investigated. The thickened 
systems used by White and Helf (7) ap- 
peared to have poor transmittance as 
judged from the published photographs 
of their samples. The transmission char- 
acteristics of aluminum stearate gels 
were measured with a Beckman DK-1 
recording spectrophotometer using 1-cm 
quartz cells. The data at 5000 and 4500 
A are shown in Table 1. 
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The data of Table 1 yielded a linear 
Beer’s law plot whose slope gave a value 
for the absorptivity a of 0.00082 lit/gm- 
cm at 5000 A and 0.00104 at 4500 A. 

Settling effects were negligible after 
the first day. A sample containing 0.05 
g of BaCO, gave identical results within 
experimental error after 3 weeks’ stand- 
ing. 

These counting experiments indicate 
that the scintillating gel technique pro- 
vides a simple and effective means of 
assessing the activity of beta and alpha 
emitters. High sensitivity, good repro- 
ducibility, and linearity of response with 
activity are observed over a useful range 
of suspended material. The method com- 
pares favorably with the new technique 
recently described by Passman, Radin, 
and Cooper (4). In the same scintillator 
volume, about 7 times as much carbon 
can be incorporated as by their CO, 
method. The counting efficiencies ap- 
pear better than those recently reported 
by White and Helf (7) for scintillating 
gels. This may be due to the superior 
optical properties of the gels reported 
here, but much of the difference is un- 
doubtedly due to the wider gate settings 
used in our discriminator. In comparison 
with other techniques for assaying C1, 
(10), scintillating gels offer many ad- 
vantages. The samples are readily stored, 
vacuum manifolds are not needed, and 
compounds can be measured directly 
without the necessity of combusting or 
destroying the sample. The over-all sen- 
sitivity is superior to that obtainable 
with most gas counting techniques, and 
pulse height discrimination can be em- 
ployed when one is counting radiation 
of differing energy (1/1). 

B. LionELt Funt 
ARLENE HETHERINGTON 
Chemistry Department, 
University of Manitoba, Winnipeg 
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Potentially Simple Technique 
for Rearing “Germ-Free” Fish 


“Germ-free” animals, those deprived 
of detectable microorganisms, are highly 
useful for studies in nutrition, disease, in- 
fection, and immunity. Investigators 
who have felt the need for this type of 
animal for the past 50 years have en- 
countered many difficulties because rear- 
ing germ-free animals is a laborious and 
complicated procedure. Many complex 
techniques are involved, the necessary 
equipment is elaborate and costly, and 
the animals require careful and constant 
attention (/). 

In the course of some experiments on 
the role of oral incubation in the cichlid 
fish, Tilapia macrocephala, L. R. Aron- 
son and I (2) discovered that dipping fish 
eggs into a 0.04-percent formaldehyde- 
aquarium water solution for 10 minutes 
resulted in germ-free eggs which, when 
transferred aseptically to sterile water, 
grew into germ-free fry. Of 25 trials 
(consisting of 10 eggs per trial) treated 
in this manner (3), eight trials remained 
germ-free died during the experiment, 
Those embryos which did not remain 
germ-free died during the experiment, 
since certain of the bacteria proved to 
be lethal contaminants (2). The germ- 
free embryos, however, survived for 2 to 
3 weeks after hatching, using the large 
quantity of yolk as their source of food. 
When these fry eventually died of star- 
vation after the yolk was absorbed, they 
did not disintegrate. Some of the dead 
fish were kept as long as 4 months, when 
they were discarded. No microorganisms 
could be cultured from a number of the 
dead fry when culture was attempted in 
Difco nutrient broth, Difco nutrient 
agar, and thioglycollate media. Likewise, 
no mold and fungal growths were de- 
tected. 

Since this problem is not related to the 
work of the department of animal be- 
havior, it was not pursued, but the ob- 
servations suggest that Tilapia macro- 
cephala could be fed aseptically and 
brought to germ-free maturity in an ap- 
propriately equipped bacteriological lab- 
oratory with fewer of the complications 
that are encountered in other forms. For 
example, Baker and Ferguson (4) found 
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that germ-free platyfish, Xiphophorus 
maculatus, required live food for their 
maintenance. This caused many techni- 
cal difficulties and led to inadequate 
growth. Tilapia macrocephala, on the 
other hand, are regularly raised on dried 
food, which can be sterilized easily, and 
preliminary tests indicate that the dried 
food does not lose its nutritive properties 
when it is autoclaved. In addition, fertile 
eggs are available in large numbers, for 
the adults reproduce during the entire 
year at frequent intervals. Many fish can 
be raised together, they require little 
care, and the environment can be kept 
reasonably uniform. What is still needed 
is a simple device whereby the fish can 
be fed and whereby gases can be ex- 
changed aseptically. 

EveLYN SHAW 
Department of Animal Behavior, 
American Museum of Natural History, 
New York, New York 
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Concerning the “Cellularity” or 
Acellularity of the Protozoa 


Most protozoologists (J) probably will 
agree with Alan Boyden’s recent conten- 
tion (2) that it is logical to consider 
protozoa as “cellular” organisms (that is, 
cells). In fact, over 40 years ago, 
Minchin (3, 4) defended this notion 
well, shortly after the appearance of 
Dobell’s vigorous attack (5) on the cell 
theory and its implications concerning 
the nature of protozoa. However, the 
recent outburst of criticism directed at 
Dobell and Hyman (6) by Boyden 
seems rather harsh and narrow. Neg- 
lected entirely, furthermore, was con- 
sideration of the fundamental question 
of how, precisely, a cell may be defined; 
until an entirely satisfactory answer to 
this question is available, it may be as 
improper to insist dogmatically that pro- 
tozoa are unicellular as to claim that 
they must be noncellular. It is the pur- 
pose of the present comment to show 
that the whole problem is considerably 
more complicated than Boyden has in- 
dicated. 

C. G. Ehrenberg (7), many years ago, 
championed the notion that protozoa are 
“vollkommene Organismen.” But, as a 
consequence of F,. Dujardin’s exposure 
(8) of the fallaciousness of his contem- 
porary’ morphological observations, 
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many biologists came to think of the pro- 
tozoa as simple and as comparable with 
a single metazoon only when the physio- 
logic (or sexual) life cycle of an entire 
clonal population was considered. In the 
light of the atmosphere of the period in 
which Dobell wrote his trenchant essay, 
he deserves credit for focusing fresh at- 
tention on the fundamental truth of 
Ehrenberg’s idea: in general a single 
protozoon is as capable of independent 
locomotion, feeding, growth, reproduc- 
tion, regeneration, and so on, as is any 
entire metazoan organism. 

Neither Dobell nor Hyman directly 
denied the essential homology of nuclei 
and various cytoplasmic structures that 
are possessed in common by metazoan 
cells and the protozoa, since they ad- 
mitted that the same fundamental or- 
ganization is to be found in members of 
both groups. In their insistence that an 
individual protozoon is, also, homolo- 
gous with an entire multicellular organ- 
ism, I think perhaps the only serious 
breach of logic is the use of the word 
homologous (which is employed directly 
in this connection, incidentally, only by 
Dobell). As Minchin (4) observed, “the 
view generally held that the entire or- 
ganism of a Protozoon is truly homolo- 
gous with a single body-cell of a Meta- 
zoon seems to me quite unassailable. .. . 
On the other hand, any Protist, as an 
organism physiologically complete in 
itself, is clearly analogous to the entire 
individual in the Metazoa—a compari- 
son, however, which leaves the question 
of genetic homology quite untouched.” 

What is a cell? Although it would be 
inappropriate to offer a lengthy treat- 
ment of the question here, we must con- 
sider the matter to some extent. Dobell 
added to the well-known classical defini- 
tion of the cell the qualification that it 
“is a part of an organism and not a whole 
organism.” Thus, his insistence that pro- 
tozoa are noncellular represents a stand 
not at all inconsistent or illogical, it 
seems to me, with respect to his own 
definition of a cell, Minchin himself, 
Dobell’s most outstanding critic, sug- 
gested (4): “So long as the Protozoa 
are studied entirely by themselves, with- 
out reference to any other forms of life, 
they may be termed non-cellular in the 
sense that they are not composed of 
cells.” Hyman also described a cell as 
“one nucleated division of an organism” 
(but compare 9), One must acknowledge 
that adherents to the definition (be it 
good or poor) proposed by Dobell and 
Hyman are placed in an uncompromis- 
ing position: protozoa are not parts of 
organisms and thus cannot be cells. The 
several workers (for example, Lwoff, 
10) on the physiology of protozoa who 
presumably adopted the acellularity con- 
cept may well have been accepting the 
spirit, only, of Dobell’s interpretation in 


order to emphasize the striking similari- 
ties in the biochemistry of the individual 
protist and the entire metazoan animal. 

Nearly a decade ago, J. R. Baker 
(11) criticized Dobell’s ideas quite 
strongly, yet he offered an original defi- 
nition of a cell (“‘a mass of protoplasm,. 
largely or completely bounded by a 
membrane, and containing within it a 
single nucleus formed by the telophase: 
transformation of a haploid or diploid! 
set of anaphase chromosomes”) which, 
on his own admission, obliges one to con- 
sider all “polyenergid” protozoa, includ- 
ing the ciliates, as noncellular organ- 
isms. To follow Baker, one would have 
to recognize both unicellular and acellu- 
lar forms; the distinction would be de- 
pendent solely on the number of nuclei 
present. 

Some biologists have suggested that 
certain protozoa are truly multicellular 
in their organization. G. S, Carter’s dis- 
cussion (/2) is particularly pertinent: 
he calls attention to the cnidosporidian 
Myxobolus, in which several somatic 
cells are observable at one stage in the 
life cycle, endowing the organism with 
genuine multicellularity. 

Thus, it need not be considered alto- 
gether illogical to think of the protozoa 
as comprising a variety of forms some 
of which are clearly only unicellular, 
others multicellular in certain stages, 
still others acellular throughout their 
lives. Personally, however, I favor re- 
jection of the circumscribed definitions 
of a cell offered by both Baker and 
Dobell, and I consider the protozoa, as 
a group, to be unicellular organisms (not 
necessarily animals). But the dangers as- 
sociated with such ‘a generalization 
should always be kept in mind. A single 
protozoon is a whole individual—more 
than the equivalent of a component, de- 
pendent part (cell) of a highly inte- 
grated multicellular organism. In spite 
of its morphologic homology with a dis- 
sociated cell of the metazoan body, it 
often possesses an unparalleled degree of 
subcellular differentiation. Physiologi- 
cally, as well as ‘morphologically, the 
majority of the protozoa are indepen- 
dent, complex organisms, far from sim- 
ple in spite of their typically microscopic 
size. 

Joun O. Cortiss 
Department of Zoology, 
University of Iilinois, Urbana 
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Alan Boyden’s (J) strictures on an 
“unwise” attack on the cell theory by 
Dobell, Hyman, and Lwoff, and by us, 
are symptomatic of a malaise that is 
afflicting research on the organization of 
cellular animals. Comment therefore is 
in order. 

J. R. Baker (2), in an exhaustive 
analysis of the vicissitudes of the cell 
theory, set forth his understanding of the 
essentials of the cell theory in the form 
of seven propositions, to which we ad- 
here (with reservations on numbers 3 
and 7). The italics are ours in the fol- 
lowing abbreviated restatement of Bak- 
er’s propositions: 

1) Most organisms contain or consist 
of a large number of cells. 

2) Cells have essentially the same na- 
ture and are units of structure. 

3) Cells arise, directly or indirectly, 
from preexisting cells. 

4) Cellular organisms consist of noth- 
ing except cells, transformed cells, and 
material extruded by cells and by trans- 
_formed cells (except that in some cases 
‘water, with its dissolved substances, is 
taken directly from the environment into 
the coelom or other intercellular spaces). 

5) Cells are to some extent individ- 
uals, and there are therefore two grades 
of individuality in most organisms: that 
-of the cells, and that of the organisms as 
a whole. 

6) Each cell of a many-celled organ- 
ism corresponds in certain respects to the 
whole body of a simple protist. 

7) Many-celled plants and animals 
probably originated by the adherence of 
protist individuals after division. 

Boyden states that “because of their 
essential [sic] correspondence part for 
part with the cells of Metazoa, Protozoa 
are undoubtedly cellular,’ and thereby 
begs the question. Later, he says: “Do- 
bell wished to emphasize that an indi- 
‘vidual protist could act as an individual 
metazoan, which within limits is true.” 
What “limits”? We fail to see them. 
Boyden imputes to us “the denial of the 
essential homologies that exist in all 
cells.” We consider that pretozoa are 
‘homologous in their general structure to 
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the cells of metazoa but that they have 
the autonomy of the whole organism. We 
contend, therefore, that it is necessary to 
be clear about where the homology of 
cell to cell ends and where the homology 
of cell to organism starts. The term acel- 
lular was coined to avoid an unwar- 
ranted extension of the cell theory to 
protists. We regret that a less tenden- 
tious word was not coined; unicellular is 
even less satisfactory. In order not to 
coin words for this situation, it seems 
best—and simplest—to put the emphasis 
on protozoa vis-a-vis metazoa, and to 
avoid altogether the use, for protozoa, of 
adjectives containing the term cell. 

Baker sets the dispute in historical 
perspective by pointing out that the dis- 
agreement about the cell theory has 
mainly involved two extensions of the 
original cell theory: (i) that the cell of 
the many-celled organisms are homolo- 
gous with the individual protists; and 
(ii) that this is an essential part of the 
cell theory. Baker’s propositions 5 and 6 
amount to a rejection of (i) and (ii). 
Samuel Butler’s epigram, “a hen is an 
egg’s way of making more eggs,” is de- 
fensible. But emphasis on cell over or- 
ganism leads to an untenable position: 
“an organism is a cell’s way of making 
more cells.” Patently, this is a fallacy of 
the cart-before-the-horse variety. 

The crucial problem is the something 
which is responsible for the integrity of 
the organism: can it be homologized with 
any cell or part of a cell? No indeed. 
The central problem of embryology is 
that of differentiation, with its concomi- 
tant loss of totipotency (the capacity to 
form an organism). R. B. Goldschmidt 
(3) concurs in the opinion of Paul 
Weiss that “the most difficult and most 
neglected of all basic fields of morpho- 
genesis [is] that of supercellular inte- 
gration.” Hence our italics in proposi- 
tions 5 and 6. 

The malaise to which we refer is a 
disinclination to face up to the problem 
of the prerequisites for cellular existence. 
For example, cancer is a unique disease 
of cellular organisms. Yet, despite this 
prod, we are ignorant of the essential, 
deep-seated coordinations among cells. 
The newcomer to biology might suppose 
that the lower metazoa would be favor- 
ite objects of investigation, for here one 
might expect to find these ties in their 
quintessential and most accessible form. 
The research scene is depressingly differ- 
ent: the workers engaged in analyzing, 
in chemical terms, the cellular differen- 
tiations of coelenterates and flatworms 
(and, for that matter, sponges) are all 
too few. (Boyden is not the object of 
this remark; he has been working on the 
organization of Hydra.) We have argued 
(4) that this neglect means a stultifica- 
tion of the comparative side of proto- 
zoology: how can the hormones of ver- 


tebrates and arthropods be traced with 
assurance to their origins, perhaps as far 
back as the protozoa or other protists, if 
information is almost wholly lacking for 
the lower metazoa? Boyden says that 
“there may have been a time when the 
complexity of some [sic] protozoans and 
the integration of the metazoan indi- 
vidual were underestimated”; alas, that 
time is still now—a fact that is witnessed 
by the near-total lack of progress on the 
problem of the origin of any hormone 
and of the mode of action of any hor- 
mone on the target cell (5). To dwell on 
the well-established homologies of cells 
while playing down their differentiations 
and interdependencies hardly seems 
helpful in tackling the problem of the 
fundamental basis of cellularity. 

Furthermore, rigid adherence to 19th 
century cell theory has hindered medical 
research as well. Thus, J. H. Kellgren 
states (6): 

“After the introduction of the cell 
doctrine by Schwann in 1819, it became 
customary to think of the human body 
as a mass of living cells. Though there 
is much truth in this concept, it is only 
half the truth, since more than half the 
body is composed of extracellular mate- 
rial. . . . Although collagen and elastic 
fibres were characterized histologically 
and, to some extent, chemically during 
the nineteenth century (Hollett, 1871), 
the personality of Virchow and his dic- 
tum, ‘Omnis cellula e cellula, remained 
dominant, and the extracellular frame- 
work was regarded as so much inert stuff- 
ing that could have little bearing upon 
the problems of health and disease. It 
was not until 1933, when Klinge showed 
that alterations in the intercellular sub- 
stances were the most striking feature of 
certain rheumatic diseases, that interest 
in these substances was reawakened, 
and since then the concept of collagen 
diseases (Klemperer, 1950) or connec- 
tive tissue diseases (Kellgren, 1952) has 
received increasing attention, and it has 
even been suggested that the state of 
the extracellular ground substance may 
control cellular activity (Gersh, 1950).” 

Protozoa are organisms first, with 
some homologies to cells. 

S. H. Hutner 
L. Provasoui 
Haskins Laboratories, New York, 
New York 
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In answering the question “Are there 
any ‘acellular animals’?” in the negative, 
Alan Boyden (/) refers to the cell the- 
ory as one of the greatest generalizations 
of biology. Certainly it has been, and is, 
of the utmost importance in the very ex- 
tensive areas where it is relevant. But 
any successful generalization carries 
within itself the potential capacity to 
become a dogma. When that happens, 
it may well serve as a Procrustean bed 
into which unhappy facts, if they do not 
fit properly, must be forced by violence. 
I wish to call attention to one fact of 
organization that can be fitted into the 
cell theory only by such violence. 

A large myxomycete plasmodium may 
contain millions of nuclei imbedded in 
a common matrix. At its advancing mar- 
gin, such a plasmodium is essentially 
naked, bordered only by an ectoplasmic 
layer from which delicate pseudopodia 
may extend. The remaining portions, 
and particularly the veins that are 
usually its most conspicuous elements, 
are surrounded by a thick, gelatinous, 
enucleate sheath, within which the en- 
closed nucleate protoplasm circulates, 
and which collapses and is left behind 
on the substratum as the plasmodium 
advances. How may such a structure be 
forced into the cell theory? Two at- 
tempts have been made. 

One, repeated many times, refers to 
such a mass as a single, multinucleate 
cell. As anyone who has cultured plas- 
modia knows, it may break up into two 
or a dozen smaller plasmodia, which may 
combine again in any possible degree. A 
large plasmodium, cultured in a Ward- 
ian case, may cover an area of half a 
square meter; there is good evidence 
that, in nature, it may be much larger. 
If this is to be regarded as a single cell, 
it must carry with it into the cell theory 
the concept of an enormous cell that 
may break up into numerous smaller, 
but still relatively enormous, cells that 
may re-fuse into larger units in a se- 
quence that may be repeated an indefi- 
nite number of times until it is inter- 
rupted by fruiting. To call such a struc- 
ture a cell seems to go far toward de- 
stroying the usefulness of the cell theory 
in areas where it is really important. 

Another suggestion, less popular but 
not infrequently invoked, is that a myxo- 
mycete plasmodium is a multicellular 
organism in which each cell is repre- 
sented by an individual nucleus and that 
portion of the surrounding cytoplasm 
that may be assumed to be under its in- 
fluence at any particular instant. Ex- 
amination of the flow in a plasmodial 
vein under a moderately high power ob- 
jective demonstrates that there is no 
constant relationship between a nucleus 
and its surrounding protoplasm. This is 
evidenced by the relative movement of 
nuclei and visible extranuclear granules 
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borne in the same stream. Such an ex- 
planation, then, is purely idealistic and 
quite completely divorced from observ- 
able fact. 

It is, of course, recognized that the 
swarm-cells, which often function as 
gametes, the zygotes, and the spores of 
Myxomycetes may legitimately be re- 
garded as cells. But this does not affect 
the argument for regarding the organi- 
zation of plasmodia as acellular. Such 
recognition, it is true, carries further im- 
plications, If plasmodia are to be called 
acellular, what is to prevent one from 
taking seriously the arguments that have 
been advanced with respect to the lack 
of cell organization in mucors and nu- 
merous other fungi? Discussion of this 
problem goes beyond the scope of these 
comments, but its existence should be 
noted. 

G. W. Martin 
Department of Botany, 
University of Illinois, Urbana 
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I am pleased that my simple question, 
“Are there any ‘acellular animals’?” has 
resulted in the expression of opinions 
both favorable and unfavorable, because 
there are larger issues involved than the 
immediate answer to the question, My 
brief report and the three replies could 
provide an interesting study in biologi- 
cal thinking. 

J. O. Corliss agrees with me in con- 
sidering the protozoa, as a group, to be 
unicellular organisms. “But the dangers 
associated with such a_ generalization 
always should be kept in mind.” My 
view is that the dangers of denying this 
generalization are far greater than those 
of accepting it. For this is primarily a 
question of homology, and if, as is gen- 
erally admitted, the body of the indi- 
vidual protozoan corresponds, part for 
part, with the individual cells of meta- 
zoa, then we must refer to them all as 
“cellular” (or as “acellular’). The his- 
tory of our terminology is such that we 
are required to use the term cellular for 
such protoplasmic organization, and a 
decent respect for our heritage of words 
would confirm us in this usage. 

It is granted that precise definitions 
are desirable, but the trouble is that na- 
ture presents us with so many variations 
on a central theme that precise defini- 
tions are difficult. The more important 
capacity is to recognize the central theme 
—in this case, the general pattern of 
protoplasmic organizations commonly 
referred to as “cellular.” Only a funda- 
mentally different pattern of organiza- 
tion should be called “acellular,” but 
there is no such difference in organiza- 


tion between the gametes and zygotes, 
between the zygotes and subsequent 
stages of metazoa, or between any of 
these cells and individual protozoa. 

The matters raised by S. H. Hutner 
and L. Provasoli are important in them- 
selves, but I do not agree with them in 
the belief that progress in the under- 
standing of problems of differentiation 
and integration requires us to consider 
protozoa acellular or to believe that cel- 
lular stages arise out of acellular stages 
in metazoan ontogeny. All protoplasmic 
systems are organized, and there is surely 
some virtue in accepting this fact as we 
search for the new truth, 

As to the points raised by G. W. 
Martin, they do not, in my opinion, de- 
stroy the validity of the generalization 
that animals are ceilular. There may 
always be differences of opinion in re- 
gard to whether certain plasmodia are 
unicellular or multicellular, but they re- 
main cellular for all that. If fundamen- 
tally different kinds of protoplasmic or- 
ganization in animals should be found, 
they might become of great interest 
from the standpoint of primitive evolu- 
tion, but the cell theory would still stand. 

ALAN BoyDEN 
Department of Zoology, Rutgers 
University, New Brunswick, New Jersey 
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Magnetometer Method for 
Recording Gastric Motility 


Although human gastric motility has 
been recorded for many years, all ac- 
cepted methods to date, other than 
roentgenographic, require the subject to 
swallow the sensing element with its at- 
tached tube or wires issuing from the 
mouth or nose. These leads constitute a 
marked and relatively persistent noxious 
stimulus. One of us (M. A. W.) has 
searched for many years for a practical, 
bland technique for continuous remote 
recording of stomach action. With the 
assistance of many people (1) we have 
devised such a technique (2). 

The subject needs only to swallow a 
magnet about the size of a vitamin cap- 
sule and then recline on a cot. A detec- 
tor placed beneath the wooden cot about 
18 inches below the subject’s stomach 
senses the field variations resulting from 
the magnet’s presence and motion and 
translates them into electric variations 
which are then amplified and recorded. 
Although a program of direct validation 
by motion-picture fluoroscopy plus the 
simultaneous use of a gastric balloon is 
not complete, the frequencies and rela- 
tive amplitudes of the recorded waves 
seem to correlate well with previous re- 
sults. 
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Although there are a number of mag- 
netometer and metal-detection systems 
available, the unit we first used was a 
Waugh magnetometer type W-2, which 
was produced during World War II 
to bench-check steel aircraft components 
for residual magnetism. It required 
minor modifications for working into the 
chopper input of an Offner model D 
electroencephalograph. The detector re- 
sponds to the absolute intensity of a 
steady magnetic field in a particular di- 
rection and will register zero when ori- 
ented in a plane perpendicular to the 
direction of the ambient field. The sys- 
tem is calibrated by measuring the effect 
of rotating the pickup a given amount 
about a vertical axis from its null point 
with respect to the earth’s field. The 
field to which the instrument is respond- 
ing for calibration is presumed to be the 
product of the horizontal intensity and 
the sine of the angle of displacement. On 
the basis of the published value of 0.25 
gauss (3) for the horizontal intensity of 
the earth’s field in California, 0.2 
mgauss/cm of pen travel seems to be 
ample over-all sensitivity, the periodic 
field variations with motility present 
characteristically approaching 1 mgauss 
peak to peak. 

The magnets used are 3/16-inch di- 
ameter by /-inch long General Electric 
Company sintered alnico-5 rods _fur- 
nished cut to length. These magnets are 
not treated in any special way to increase 
or preserve the degree of magnetization 
they have when received. They are pre- 
pared for ingestion by coating with poly- 
styrene. Subjects report neither aware- 
ness of them after ingestion nor any kind 
of after effect, and the data (4) indicate 
that the ingested magnet probably re- 


“ mains within the stomach of most sub- 


jects for periods of 2 hours or longer. 
The field variations recorded can be 
shown to be a function not only of peri- 
odic amplitude of magnet movement, 
but of mode of motion, orientation, and 
position with respect to the detector. 
The method appears to have many 
uses beyond the recording of stomach 
motility. For example, it is currently 
being used to detect particular patterns 
of movements in small laboratory ani- 
mals; the magnets are fixed under the 
skin. The Waugh type W-2 magnetome- 
ter has been modified and improved by 
the current manufacturers (5) and by 
William T. Kyle, Electronic Facility, 
College of Engineering, University of 
California, Los Angeles. Information 
concerning the improved circuit we now 
employ may be obtained from Kyle until 
it is published. 
M. A. WENGER 
E. B. HENDERSON 
J. S. Dinninc 
Department of Psychology, . 
University of California, Los Angeles 
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Stigmasterol in Cigarette Smoke 


The presence of phytosterols in to- 
bacco leaf (1, 2), seed (3), and smoke 
(4) has been previously reported; in 
only one case was a structure assigned to 
the sterol, that of y-sitosterol isolated 
from Nicotiana tabacum (2). We wish 
to report the isolation of stigmasterol, a 
compound whose melting point differs 
from that of the other sterols recorded, 
from cigarette smoke (5). 

The smoke generated from regular 
size, American, blended cigarettes was 
fractionated as we have described earlier 
(6). Fraction M (200 g) was chromato- 
graphed on silica gel; a mixture of 84 
percent benzene and 16 percent ether 
eluted material whose infrared spectrum 
had absorption bands in the 9 to 11-u 
region similar to those of many sterols 
(7). These bands were used to guide 
further isolation work. Fractional recrys- 
tallization from 1/1 benzene and meth- 
anol was followed by three chromatogra- 
phies on acid-washed alumina, fractional 
recrystallization from 4/1 methanol and 
ethanol, and recrystallization from 1/4 
benzene and petroleum ether (30° to 
60°C), whereupon 35 mg of colorless 
crystals, mp 165.0 to 168.5°C, [a],2°- 
40.2° (8) was obtained (stigmasterol, 
mp 170 to 171°C, [a],1*-45.8° (9). 
The compound gave a positive Lieber- 
mann-Burchard test, and a precipitate 
with digitonin; it absorbed 2.0 moles of 
hydrogen (1/0) (assuming a molecular 
weight of 411); it exhibited a “false 
energy” maximum (//7) at 206 mu in 
the ‘ultraviolet, ruling out the possibility 
of conjugated double bonds; and it had 
an infrared absorption spectrum consist- 
ent with that of stigmasterol. The re- 
duction product hid a melting point of 
136.8 to 137.3°C [a]p?2° 25.3° {stigma- 
stanol, mp 137°C (12), [a]p2° 24° (13) }; 
its acetate melted at 131.2 to 132.4°C 
and had a rotation of [a],,2° 16.2° {stig- 
mastanyl acetate, mp 129.0 to 129.5°C 
[@]p2° 15.4° (14) }; and its benzoate had 
a melting point of 135.0 to 136.0°C 
[a]p?2° 19.7° {stigmastanyl benzoate, mp 
135.0 to 136.°C [a]p2° 19.6° (15) }. 

The acetate and the benzoate of the 


original sterol were prepared; the former, 
after several recrystallizations from 4/1 
methanol and benzene, had a melting 
point of 140 to 141°C and a rotation of 
[a]p2°—51.9° {stigmasteryl acetate, mp 
140 to 141°C [a],2° —50.3° (16)}. It 
did not depress the melting point of an 
authentic sample of stigmasteryl acetate 
(17), and it had an infrared spectrum 
identical with that of the authentic ma- 
terial; the benzoate, after repeated re- 
crystallization from 6/1 methanol and 
benzene, melted at 161.0 to 161.5°C 
[@]p?° — 24.3° {stigmasteryl benzoate, mp 
160.5 to 161.5° [a],2°— 24.5° (18) }. 

The crude steroid fraction from frac- 
tion M contains other steroids which we 
have not as yet isolated in pure form. A 
sterol has also been obtained from frac- 
tion K (6); the data are: mp 149.5°C 
[a]2° — 63°, positive Liebermann-Burch- 
ard test; precipitate with digitonin; ace- 
tate, mp 137.0 to 138.0°C; benzoate, mp 
124.5 to 125.0°C. The quantity isolated 
was too small for us to effect rigorous 
purification, and these values may be 
open to revision. 

Khanolkar, Panse, and Divekar (2) 
found the sterol glycoside which they 
isolated from tobacco leaf to be readily 
hydrolyzed by dilute hydrochloric acid. 
The possibility therefore exists that, in- 
asmuch as an acid extraction step was 
utilized in our fractionation of the ciga- 
rette smoke condensate, stigmasterol may 
be present in smoke in part, or in whole, 
as a glycoside. The quantity of sterol 
isolated corresponds to 0.5 ug per ciga- 
rette; this figure must be taken only as 
a lower limit inasmuch as considerable 
losses were sustained in the isolation 
process. 

Atvin I. Kosax, JAMES S. SwWINEHART, 
Davin Taser, 
BENJAMIN L, VAN DuvuREN 
Institute of Industrial Medicine, and 
Department of Chemistry, 
New York University, New York 
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Formation and Auxin Activity 
of Indole-3-Glycolic Acid 


It is usually assumed that the plant 
growth hormone, indoleacetic acid, arises 
in plant tissue by some transformation of 
the amino acid tryptophan (1). This be- 
lief has become widespread despite the 
fact that the best yields in numerous 
enzymatic experiments have never ex- 
ceeded a few percent (2). We there- 
fore felt it necessary to examine other 
possible biosynthetic pathways for in- 
doleacetic acid. 

In view of the facts that tryptophan 
is known to arise in various biological 
systems via an enzymatic coupling of 
indole with serine (3) and that indole 
is known to couple also with p-glycer- 
aldehyde-3-phosphate (4), we examined 
the possibility that indoleacetic acid or 
some close analog could arise by a direct 
union of indole with a two-carbon frag- 
ment. We found that indole and glyoxy- 
late, in aqueous solution, reacted nonen- 
zymatically to yield a Salkowski-positive 
compound later characterized as indole- 
3-glycolic acid (IGA, Fig. 1). This com- 
pound is active in several bioassays used 
for detecting auxins. 

The reaction between indole and gly- 
oxylate was carried out as _ follows. 
Aqueous solutions of indole and sodium 
glyoxylate (5) were mixed so that they 
contained 0.2 wmole of indole and 60 
umole of sodium glyoxylate in 1 ml of 
solution, After the mixture had been in- 
cubated for 1 hour at 30°C, residual in- 
dole was extracted with toluene and as- 
sayed by a method similar to that de- 
scribed by Yanofsky (6). Under the con- 
ditions described, approximately 25 per- 
cent of the indole disappears in 1 hour. 
If, to a duplicate tube, one adds 4 ml 
of Salkowski reagent, a color appears 
which is similar to but not identical with 
that given by indoleacetic acid and 
which is different from the color pro- 
duced by indole. 

For chromatographic investigation of 
the product, 0.4 ml of 0.005M indole 
was mixed with 1.6 ml of 0.2M sodium 
glyoxylate and incubated 2 hours at 30° 
C. Samples of this reaction mixture were 
applied to Whatman 3-MM paper, and 
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the solvent (isopropanol, ammonia, and 
water, 80/5/15) was allowed to ascend 
30 cm beyond the applied spots. The 
paper was then air-dried and sprayed 
with Ehrlich’s aldehyde reagent. The 
chromatograms showed a brilliant rose- 
colored spot which had an Ry of 0.37 
(the Ry value for indoleacetic acid un- 
der these conditions is 0.47; for indole, 
0.96). 

The product of the indole plus gly- 
oxylate reaction was confirmed as in- 
dole-3-glycolic acid by cochromatogra- 
phy with authentic indole-3-glycolic acid 
that was synthesized by a new independ- 
ent method, and also by a comparison of 
the Ry values of these two materials in 
various solvent systems. Indole-3-glyoxy- 
lic acid was first prepared by the method 
of Giua (7), who had erroneously desig- 
nated the product as indole-2-glyoxylic 
acid. The correct nature of the product 
was established by Kharasch et al. (8), 
and later confirmed (9). The indole-3- 
glyoxylic acid was reduced by hydro- 
genation of the sodium salt over palla- 
dium, or more slowly over 5-percent 
palladium on charcoal, and by use of 
sodium amalgam. Sodium indole-3-gly- 
colate is stable, easily purified, and ob- 
tainable in good yields, but the free acid 
decomposes rapidly to colored products 
in air (JO) and has not been isolated in 
pure form. 


INDOLE + GLYOxYL ATE —————> INDOLEGLYCOLATE 


0. H 
Cu Xe-c00" oo 
H n H 


Fig. 1. Reaction of indole and glyoxylate. 


The sodium indole-3-glycolate, recrys- 
tallized from methanol-ether, is a white 
solid with a decomposition point of 
360°C. Analytic data, obtained from 
the Weiler and Strauss Microanalytical 
Laboratory, Oxford, England, are as 
follows. Formula, C,,H,O,N Na (213.- 
17). Calculated: C 56.33; H, 3.78; N, 
6.57; Na, 10.79. Found: C, 55.68; H, 
4.10; N, 6.50; Na, 10.73. 

Synthetic sodium _ indole-3-glycolic 
acid, as well as the reaction product, 
has an Ry of 0.16 in benzene-propionic 
acid-water (100/70/5), 0.76 in 20-per- 
cent (wt./vol.) aqueous potassium chlo- 
ride, 0.82 in n-butanol-acetic acid-water 
(4/1/1), and 0.01 in n-butanol-pyri- 
dine-dioxane-water (14/4/1/1). A bril- 
liant rose-colored spot was obtained with 
Ehrlich’s aldehyde reagent. 

Pure sodium indole-3-glycolic acid, as 
well as mixtures of indole and glyoxylate, 
show distinct activity in auxin bioassays, 
causing extension growth of subapical 
etiolated pea epicotyl sections, root initi- 
ation on excised etiolated pea epicotyl 
sections, and inhibition of axillary buds 
(Table 1). It may be noted from Table 


Table 1. Activity of indole-3-glycolic acid in auxin bioassays. When no values are given, 


no measurements were made. 


Substance Concentration 

Control 

Indoleacetic acid 1x 10°M 
Indoleacetic acid 1x 10°M 
Indoleacetic acid 1x 10°M 
Glyoxylate 4x 10°M 
Indole 4x 10°M 
Indole-3-glycolic acid 1x 10°M 
Indole-3-glycolic acid 1x 10°M 
Indole-3-glycolic acid 4x 10°M © 
Indole-3-glycolic acid 1x 10°M 
Indole-3-glycolic acid 4x 10°*M 
Indole-3-glycolic acid 5 x 10°*M 


Indole-3-glycolic acid 
and glyoxylate 

Indole-3-glycolic acid 
and indole 

Reaction mixture § 4x 10°M 

4x 10°*M 


1x 10°M, 4x 10°M 


1x 10¢M, 4x 10¢°M 


Extension Root 
growth* 


Lateral bud 
initiation} develop- 








(mm of (average mentt 
growth per number (relative 
section of roots growth 
+ standard per by visual 

error ) section) estimate ) 
3.08 + .19 3.4 +++ 
Tide oe 
5.82 + .29 
IVE 22 7.4 +H 
2.96 + .18 
3.79 + .19 
3.54 + .21 
5:69.22 
4.81+.11 
5.04 + .36 6.6 +4++ 
SEY i | 
14.3 + 
5.39 + .19 
8.00 + .23 
3.50 + .20 


7.65 & .24 





* Eight-millimeter subapical sections of 7-day etiolated pea epicotyls floated in 5 ml test solution containing 
1 percent sucrose and 0.01M phosphate at pH 6.1, 13 sections per flask, 20 hours’ incubation in the dark. 
+ Ten-centimeter sections of 8-day etiolated pea epicotyls including second node, incubated 24 hours with 
basal ends in 2 ml of test solution containing 0.005M phosphate at pH 6.1, and then 7 days in frequently 
renewed 2-percent sucrose, all in the dark; 11 sections per flask. 

t Same procedure as that for root initiation, but apical end in solution for the first 24 hours. 

§ The reaction mixture was prepared by mixing 1.6 ml of 5 x 10°M indole with 0.4 ml of 0.2M sodium 
glyoxylate and incubating for 1 hour at 30°C. Under these conditions, not all the indole disappeared. The 
molarity given represents that of the indole added. 
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1 that indole and indole-3-glycolic acid 
show marked synergism in promoting 
extension growth, and that much more 
indole-3-glycolic acid than indoleacetic 
acid is required to give maximal exten- 
sion growth. 

In view of the natural occurrence of 
indole (JJ) and glyoxylate (12) in vari- 
ous organisms, including higher plants, 
the possibility should be further ex- 
amined that the coupling reaction and 
the product here described are of im- 
portance in the auxin economy of the 
plant. Indole-3-glycolic acid could func- 
tion as an auxin per se, or could serve 
as a precursor of indoleacetic acid, either 
via direct reduction of the a-hydroxyl 
group, or, alternatively, via transannular 
dehydration to 3-carboxymethylenein- 
dolenine, 


see —CH—COOH 


\/ \nF 


followed by reduction. 

The natural occurrence of indole-3- 
glycolic acid in various plant sources has 
been claimed (13), but the Rp values 
listed do not agree with our data. The 
occurrence of indole-3-glycolic acid as a 
breakdown product during paper chro- 
matography of indolepyruvate has also 
been reported (14), the product in this 
case having an R» close to that reported 
here (15). 

J. B. GREENBERG 
A. W. GALsToN 
Josiah Willard Gibbs Research 
Laboratories, Department of Botany, 
Yale University, New Haven, 
Connecticut ; 
K. N. F. SHaw 
M. D. ArMsTRONG 
Laboratory for the Study of 
Hereditary and Metabolic Disorders, 
University of Utah College 
of Medicine, Salt Lake City 
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Electrophoresis of Plasma 
Proteins in the Parakeet 


Previous studies on electrophoresis of 
avian plasma or serum proteins have 
been limited to the goose, hen, turkey, 
pullet, and cockerel (1). The present 
investigation (2) of the plasma electro- 
phoretic pattern of the shell parakeet 
Melopsittacus undulatus) was under- 
taken during a study of the effects of 
spontaneous (3) or transplanted (4) 
pituitary tumors on these birds. 

The parakeets were exsanguinated by 
cardiac puncture. After separation of 
the plasma, 10 mm®* was applied to 
Whatman 3-mm filter paper on a con- 
ventional vertical principle electropho- 
retic cell of our own design utilizing 
Veronal buffer at pH 8.6, » 0.05 with 5 
percent glycerine. Migration was per- 
mitted for 4 hours, using 150 to 170 v 
delivering 15 to 20 ma for paper meas- 
uring 10 by 14 cm. Pooled human serum 
was used for mobility reference. After 
heat fixation the papers were stained 
with bromphenol blue for protein and 
Sudan black B for lipoprotein. Scanning 
of the papers was accomplished with an 
automatic photoelectric cell recording 
apparatus with simultaneous area inte- 
gration (Spinco Analytrol). 

As can be seen in Fig. 1, there is con- 
siderable variation in the quantity of 
these four fractions in the normal para- 
keets that have been studied. By the 
methods. used, no essential differences 
were discernible between the electro- 
phoretic patterns of serum and plasma 
from the same birds. Although it ap- 
pears probable that the protein compo- 
sitidn of parakeet serum should differ 
from that of the plasma, the method of 
filter-paper electrophoresis is not ade- 
quate to demonstrate such a difference. 
Plasma was used in all studies because 
of the ease of handling the small sam- 
ples of whole blood available. Each of 
the four components has an affinity for 
Sudan black B, although differing in 
intensity. Component 1 stains darkly 
with lipid stain, component 2 is barely 
perceptible, and components 3 and 4 
stain as a single component of lesser in- 
tensity than component 1. Lipid staining 
also is seen at the point of application 


of the plasma, showing a nonmigrating 
component, probably chylomicrons. 

Four protein components were recog- 
nized in normal parakeet plasma; these 
have been named components 1, 2, 3, 
and 4 in order of decreasing mobility 
(Fig. 2). Component 1 migrates faster 
than human albumin and represents 32 
percent (range, 17 to 63 percent) of the 
total protein. Component 2 travels at a 
rate intermediate between human a,- 
and a,-globulin and occupies 16.5 per- 
cent (range, 6 to 28 percent) of the 
total area scanned. Component 3 is in 
juxtaposition to component 4 in a migra- 
tory area of human 6-globulin, the 
former representing 22.5 percent (range, 
8 to 45 percent) and the latter 29 per- 
cent (range, 17 to 48 percent) of the 
total plasma protein. 

These normal patterns are strikingly 
altered in the plasma of parakeets bear- 
ing either primary or transplanted pitui- 
tary tumors; the quantity of protein ob- 
served to migrate as component 2 is 
greatly increased, representing 59 per- 
cent (range, 45 to 65 percent) of the 
total protein. To date, this has been ob- 
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Fig. 1. Plasma electrophoretic pattern of 
eight normal parakeets, showing wide var- 
iations in the quantity of the four protein 
components. 
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served in all parakeets that bear these 
tumors and has not been found in para- 
keets with other primary and_trans- 
planted tumors such as fibrosarcoma 
and methylcholanthrene-induced carci- 
noma nor has the increased protein as- 
sociated with an elevated serum calcium 
such as has been described in estrogen- 
treated roosters been found (5). 
Rogpert L. WALL 

Hans G. SCHLUMBERGER 
Departments of Medicine and Pathology, 
Ohio State University College of 
Medicine, Columbus 
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Citrus Fruit Grafting 


The grafting of a citrus fruit from one 
plant to another has not been reported 
previously, as far as I am aware. This 
technique should be useful in studying 
many problems, particularly when fruits 
are desired on small plants. A technique 
previously described (J) in which cut- 
tings with fruits attached were rooted 
and used for experimental purposes has 
many useful applications but does not 
provide the flexibility offered by grafted 
plants. 

For example, by employing the graft- 
ing technique, it is possible to study the 
influence of leaves on fruit development 
and composition by producing various 
combinations of leaves and fruits. Nitsch 
(2) suggested that organic acids are 
probably produced in the leaves and 
translocated to the fruits. On the other 
hand, Sinclair and Eny (3) and Sekhara 
Varma and Ramakrishnan (4) suggested 
that the large amounts of organic acids 
in lemon pulp are not translocated from 
the leaves but formed from the sugars 
in the juice vesicles. By grafting a sweet 
lemon fruit on a sour lemon plant, it 
was thought that information about the 
accumulation of organic acids in lemons 
might be obtained. The results of pre- 
liminary experiments of this type using 
sweet and sour lemons, both of which be- 
long to the species Citrus limon (Linn. ) 
Burmann (5), are presented here. 

The Faris sweet lemon, used in these 
experiments, is distinguishable from sour 
forms in the bland, insipid taste of the 
juice, which has less than 1 percent acid 
in tree-ripened fruit in contrast with 4% 
to 6 percent acid in the Ross Eureka, a 
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commercial variety. On 25 May 1956, 
eight immature Faris sweet lemons were 
successfully grafted on Ross Eureka 
lemon plants growing in the greenhouse 
in number 10 cans. The fruits were 
picked and juiced when mature, between 
20 July and 6 December. For compari- 
son, Ross Eureka lemons that had been 
similarly grafted on 4 May were used. 
Vegetative branches appearing on the 
scions about 3 weeks after grafting (Fig. 
1) were removed from half of the plants. 

Analyses were made of the juice from 
the fruits for percentage titratable acid, 
pH, total soluble solids (refractometric 
reading), and sugars. The sweet lemon 
fruits grafted on sour lemon plants gen- 
erally remained low in acid content. 
However, on those plants which had 
leaves from the sweet lemon scion in ad- 
dition to leaves on the sour lemon stock, 
the acid content of the fruit (1.31 per- 
cent) was somewhat greater than it was 
on plants from which scion sprouts had 
been removed (0.32 percent). Whether 
this difference in acid content was in 
response to the combination of foliage, 
improved graft union, or some other 
cause remains to be determined. 

Concurrently, another experiment was 
started in which Ross Eureka lemon 
plants were grafted with either Faris 
sweet lemon scions or Ross Eureka 
scions, When the vegetative shoots were 
about 2 to 4 feet long, sweet or sour 
lemon fruits were grafted on the tops in 
four combinations. All scion sprouts were 
removed as they appeared so that a single 
source of foliage existed on each plant. 
The fruits were grafted on 3 August, 
1956, and on 10 September when the 
first fruits became yellow, one fruit of 
each of the four combinations was 
picked. At approximately monthly inter- 
vals, the remaining fruits matured and 
were picked, so that on 6 December the 
last set of four fruits was removed from 
the plants. 

Results of analyses of the fruits showed 
that all the sweet lemon fruits remained 
low in acid concentration whether they 
were nourished by leaves of sour (0.52 
percent acid) or sweet (0.44 percent 
acid) lemon plants. Also, the sour lem- 
ons remained high in acid concentration 
whether they were nourished by leaves 
of sweet (5.18 percent acid) or sour 
(5.18 percent acid) lemon plants. Aside 
from the characteristic of a lower acid 
concentration, the sweet lemons had a 
much higher reducing sugar concentra- 
tion (5.17 percent) than did the sour 
lemons (1.45 percent). 

The total soluble solids in the two 
types of fruits were about the same. 
After the acid and sugars had been sub- 
tracted from the tot+! soluble solids only 
one or two percent soluble solids re- 
mained undetermined. The difference in 
undetermined soluble solids between 





Fig. 1. Lemon fruit grafted 4 May 1956, 
photographed 29 May. Sprouts on the 
scion indicate successful graft union. Fruit 
was 51.4 mm in diameter when grafted 
and 65.2 mm when mature on 11 Decem- 
ber; the calculated increase in volume is 
63 percent. 


sweet and sour fruits was only a frac- 
tion of the difference in acid concentra- 
tion, thus indicating that acid was lack- 
ing in the sweet fruit rather than that 
it was present in a nontitratable salt 
form. 

The failure of a sweet lemon, such as 
the Faris, to accumulate high concentra- 
tions of organic acids, when grafted on 
a sour lemon plant, such as the Ross 
Eureka, indicates that the high concen- 
tration of organic acids in a lemon is 
more complex than that which would 
result merely from the translocation of 
acid from leaves to fruit and accumula- 
tion in the latter site. 

Further studies are required to deter- 
mine to what extent leaves can modify 
fruit composition. By using the tech- 
nique of grafting fruits, it will be pos- 
sible to extend the study and to employ 
orange, grapefruit, and other foliage to 
produce lemons and other citrus fruits. 

Louis C. Erickson 
Department of Plant Biochemistry, 
University of California Citrus 
Experiment Station, Riverside 
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Book Reviews 


The Reactive Intermediates of Organic 
Chemistry. John E. Leffler. Intersci- 
ence, New York, 1956. 275 pp. Illus. 
$6. 


During the last year or two, a number 
of books dealing with reaction mecha- 
nisms and physical organic chemistry 
have appeared. A few have been good, 
but more have been unsatisfactory for 
one reason or another. John Leffler has 
pulled off a major feat by writing not 
only a fine book but also one that differs 
notably in approach from all previous 
ones, and one that is written in such an 
engaging style that most chemists who 
are at all interested in these fields will 
wish to read it. 

‘As the title, The Reactive Intermedi- 
ates of Organic Chemistry, implies, radi- 
cals, carbonium ions, and carbanions are 
used as a framework for discussing reac- 
tion mechanisms and a variety of other 
topics in organic chemistry. The sections 
on each of these intermediates are in- 
troduced by a discussion of the physical 
and other evidence for the existence of 
these species. A brief discussion of the 
effect of structural variations on rates 
and equilibriums of formation is fol- 


“lowed by well-thought-out sections on 


reactions which go through these inter- 
mediates. Although the classical experi- 
ments are adequately described, Leffler 
has managed to find less familiar exam- 
ples to demonstrate many of his points, 
so that even someone who is familiar 
with the field is not left with the feeling 
of having heard it all before. Although 
the approach is not at all a kinetic one, 
qualitative discussions of such topics as 
solvent effects on rates, ion pairs, and 
neighboring group rate enhancements are 
included. But the absence of a discussion 
of the displacement reaction is to be re- 
gretted. 

Undoubtedly, the most valuable parts 
of the book are the chapters that are de- 
voted to free radicals—their production 
and reactions, Usually, free radical reac- 
tions are relegated to a small section 
buried somewhere near the back of 
chemistry textbooks. Finding the first 
four chapters of this book devoted to this 
topic is likely to be a wholesome shock 
and is perhaps a landmark along the 
road to respectability for radical chem- 
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istry. In these chapters, as elsewhere, 
Leffler resists the temptation to oversim- 
plify. However, his qualifications and 
asides are usually unobtrusive enough 
not to confuse the novice, yet strong 
enough to give pause to more advanced 
readers. Advanced students, especially, 
will profit from a careful reading of the 
text, since Leffler presents the material 
in a very scholarly manner, with full 
awareness of the many pitfalls for the 
unwary and with no personal theories to 
push, On the other hand, the-small size 
of the book makes long discussions im- 
possible, and there are few wasted sen- 
tences. Persons who meet this field for 
the first time in the pages of this book 
may well find the going difficult. The re- 
turns, in terms of a mature understand- 
ing of the subject matter, should be cor- 
respondingly great. 

Cuartes H. DePuy 
Iowa State College 


Elasticity, Fracture and Flow. J. C. 
Jaeger. Methuen, London; Wiley, New 
York, 1956. 152 pp. Illus. 


Elasticity, Fracture and Flow, a beau- 
tifully written little volume, provides a 
concise perspective of the theories of 
deformation and failure of materials 
under the influence of external loading. 
It is especially characterized by the care 
with which assumptions and definitions 
are stated and by the emphasis that is 
placed on the limitations inherent in 
each argument presented. There has been 
a tendency in a great deal of the litera- 
ture on this subject to rush into formal 
manipulation without a critical examina- 
tion of the physical applicability of the 
hypotheses that underlie the formal ap- 
proach. J. C. Jaeger’s exposition is the 
antithesis of this. 

In a sense, the method of attack is 
similar to that in comparative physiology 
or comparative anatomy, where a deeper 
understanding of the functions and struc- 
ture of organs is acquired by comparing 
them in different species. Instead of pur- 
suing the theory of perfectly plastic ma- 
terials or that of viscous fluids or that of 
brittle substances as separate disciplines, 
Jaeger makes an attempt here to show 


how the properties of substances differ 
from one another on the basis of the 
various theories. Thus, this book goes far 
toward supplying a much needed “con- 
nective tissue” for the topic. 

The text is divided into three chapters 
and subdivided into 41 sections. The first 
chapter provides a thorough and facile 
introduction to the specification of stress 
and strain in deformation. Of particular 
interest are the sections on finite strain. 

The second chapter, on the behavior 
of actual materials, includes discussion 
of the stress-strain relationships for elas- 
tic isotropic solids, anisotropic substances, 
natural strain, the Griffith theory of 
brittle strength, Mohr’s theory of frac- 
ture, the maximum shear stress theory 
(Tresca), and the maximum distortional 
strain energy theory (Maxwell-Huber- 
Hencky-von Mises). There is also a short 
section on rheological models, includ- 
ing Hookean, Newtonian, Kelvin-Voigt, 
Maxwell, general linear, and Bingham 
substances. 

The last chapter opens with a discus- 
sion of some simple problems that illus- 
trate the differences between the various 
substances mentioned in the preceding 
paragraph. The elastodynamic stress 
equations are derived, and properties of 
dilatational (P), shear (S), and Ray- 
leigh waves are presented. Some prob- 
lems of elastostatics are also given. These 
include a brief description of the stress 
function (Airy) and of plane stress and 
plane strain. Finally, some special prob- 
lems in viscosity and plasticity are 
treated. 

In my opinion, in view of the range 
of topics covered, the book is outstand- 
ing. Very little a priori knowledge of the 
subject on the part of the reader is as- 
sumed by the author. Extreme clarity, 
unusual consideration for the reader in 
pointing out limitations, and a combina- 
tion of comprehensiveness and concise- 
ness all contribute to make this book a 
desirable acquisition for materials spe- 
cialists, engineering students, and inter- 
ested scientists in other fields. 

A. KyRALa 
Lessells and Associates, Boston 


Human Generation, Conclusions of Bur- 
dach, Déllinger and von Baer. Arthur 
W. Meyer. Stanford University Press, 
Stanford, Calif.; Geoffrey Cumberlege, 
Oxford University Press, London, 
1956. 143 pp. Illus. $3.50. 


In this little book, which will be of 
real interest to all those who concern 
themselves with the history of embryol- 
ogy, A. W. Meyer has translated, from 
the Latin, some of the less accessible 
monographs of the great early 19th- 
century figures in this field and has 
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added chapters of annotation and ex- 
planation. The first two chapters are 
concerned with K. F. Burdach (1776- 
1847) and give a translation of his paper 
on the first changes in the formation of 
the human fetus. The next two chapters 
deal with the life and work of J. J. I. 
von Déllinger (1770-1841) and add a 
translation of his history of human repro- 
duction. The last seven chapters are 
concerned with K. E. von Baer (1792- 
1876), no doubt the greatest of the three, 
and give a translation of his commentary 
on the eggs of mammals and man. There 
is a biographical synopsis, a study of the 
influence of the Naturphilosophie on von 
Baer, and a discussion of his education, 
personality, period of exhaustion, and 
unclaimed and uncredited discoveries. 
The whole book is the product of very 
respectable scholarship and must be re- 
garded as a permanent and extremely 
welcome contribution to the literature 
of this important branch of the history of 
biology. Certainly, no greater formative 
period in this science existed than that 
at the beginning of the 19th century—the 
time of the discovery of the mammalian 
ova—and everyone concerned with this 
field will be eager to possess this volume. 
I feel duty bound to note, with regret, 
that the learned author did not select 
for translation Burdach’s monograph, 
De Commutatione Substantiarum Pro- 
teinacearum in Adipem. In this writing, 
if my memory is correct, Burdach 
claimed to have found an actual in- 
crease in the fat content of the develop- 
ing egg of mollusks (pond-snails). This 
observation seems extremely strange in 
the light of all that is known about the 
use of reserve substances during embry- 
onic development, but modern knowl- 
edge indicates that the biochemistry of 
the developing egg of mollusks is very 
strange (as, for example, in its stores of 
galactogen), and it would be curious if 
modern research were to confirm such 
experiments, carried out more than a 
century ago. 
JoserpH NEEDHAM 
Caius College, Cambridge University 


Fleas, Flukes and Cuckoos. A study of 
bird parasites. Miriam Rothschild and 
Theresa Clay. Macmillan, New York, 
ed. 3, 1957. xiv+ 305 pp. $5. 


Fleas, Flukes and Cuckoos is the third 
editon of a work first published in 1952 
[see Sci. Monthly 75, 252 (1952)]. The 
mere fact that such a book has gone 
through three editions in 5 years indi- 
cates that it has met, and has success- 
fully answered, a real need. The text 
of the volume is essentially the same as 
in the earlier printings, but on pages xiii 
and xiv are listed the additional data 
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and the changes in qualifications of state- 
ments taken from the first edition. 

The two authors are among the most 
prominent specialists on avian ectopara- 
sites and are highly competent to handle 
the various topics that are discussed. The 
book is divided into three main parts. 
The first of these includes a general dis- 
cussion of parasitism, commensalism, 
symbiosis, the mutual effects and inter- 
relations of parasites and hosts, and the 
origins of parasitism. The second part 
deals with fleas and feather lice, while 
the third part has a much more hetero- 
geneous content: it deals with endopara- 
sites, such as protozoans and worms, and 
also with ectoparasites such as flies and 
mites. The latter are grouped here prob- 
ably because their larvae are subcutane- 
ous parasites of the avian host. From 
these, the authors go on to include food 
predator-parasites such as the skuas, and 
brood parasites, exemplified by the Euro- 
pean cuckoo, but the treatment afforded 
these topics is much less detailed than is 
the discussion of body parasites. 

HERBERT FRIEDMANN 
Smithsonian Institution 


Medical Sciences. ser. VII, Progress in 
Nuclear Energy. J. C. Bugher, J. Cour- 
saget, and J. F. Loutit, Eds. McGraw- 
Hill, New York; Pergamon, London, 
1956. 165 pp. $6. 


This book is a product from the pens 
of ten different authors, each distin- 
guished in his own right and carefully 
selected from among the participants in 
the 1955 International Conference for 
the Peaceful Uses of Atomic Energy, 
held in Geneva. Perhaps only a few read- 
ers will be thoroughly familiar with all 
the medical and physics terminology, but, 
for the most part, there is sufficient sup- 
porting discussion to enable the reader 
who has only a general scientific knowl- 
edge to glean an immense amount of 
useful information. For those busy per- 
sons in medical research, radiology, med- 
ical physics, and health physics who do 
not have time to read all the voluminous 
medical and health physics reports given 
at the 1955 conference, this book pro- 
vides a welcome opportunity to make this 
review in a few evenings of thoughtful 
reading. The long lists of supplementary 
references should be helpful, as a quick 
source of information and a valuable 
starting point for one writing papers 
in this field. In some cases, mention is 
made of a new application of radio- 
nuclides to medical research, or to medi- 
cal diagnosis, with little or no indication 
of its success or probable ultimate appli- 
cation to medical practice. This limited 
and tantalizing introduction to a variety 
of subjects can be expected in such a 


cursory review of a frontier subject, and, 
as a result, readers interested only in 
having a look at descriptive information 
will be discouraged, while those who 
like to tease their imaginations will have 
much to reflect on, and a few may be 
encouraged to read some of the refer- 
ences. 

The fact that this book has two fore- 
words may be, at first, a surprise to the 
reader, but later he realizes that these 
two forewords are not written for one 
but for about ten different books, all 
condensed and bound into this single 
volume. Here we have, summarized, the 
most interesting and important disclos- 
ures in the fields of medicine, radiobiol- 
ogy, and health physics, as presented by 
approximately 100 speakers at the 1955 
conference. 

Those readers who have been appre- 
hensive about predictions of miracles 
that will be performed in the therapeutic 
use of radioactive material will be inter- 
ested in the statement of Stone that, with 
the single exception of the method of 
using radioiodine, no radical departures 
from previous techniques have been set 
forth, and that the field of greatest use- 
fulness of radioisotopes to medicine is 
that of applying tracer techniques to ob- 
tain more insight into the workings of 
the body. Ernest Rock Carling points 
out the great advances made by industry 
in adapting the radioisotope tool to re- 
search, and, at the same time, he calls 
our attention to the many associated 
problems of radiological protection. 

The first chapter, titled “Radioactive 
isotopes in medical diagnosis,” by E. H. 
Belcher and M. V. Mayneord, is very 
thought-provoking and reviews an im- 
mense variety of medical diagnostic stud- 
ies, such as blood volume, red cell life, 
tumor detection, and thyroid function. 

Chapter 2, by J. F. Ross, deals with 
the “Diagnosis and investigation of dis- 
ease with radioactive isotopes.” Ross 
points out the unique contributions of 
radioisotope tracer techniques in clarify- 
ing the dynamic aspects of metabolic and 
physiologic processes, through determin- 
ation of the actual rates at which vital 
functions proceed, the chemical path- 
ways involved, the localization of sites in 
the body where they occur, and so forth. 

Chapters 3 and 4, by J. S. Mitchell, 
deal with “Nuclear radiations for radio- 
therapy with external sources and radio- 
active materials for internal therapy.” 
The reader learns that, for external 
radiotherapy, Co®® is somewhat supe- 
rior to Ra, and that Ir9?, Ce!44, Eut?, 
and Cs!%7 offer certain advantages as ex- 
ternal sources for radiotherapy. The P*? 
treatment of patients with lymphatic leu- 
kemia and lymphoblastoma of giant fol- 
licles yields very favorable results. The 
mean life of patients with chronic mye- 
logenous leukemia is about the same 
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when treated with P%? but probably not 
greater than when treated by other meth- 
ods. In the case of patients with poly- 
cythemia vera who are treated with P%?, 
the mean life is approximately double 
that of similar patients treated by con- 
ventional methods. While pointing out 
the great promise in the therapeutic use 
of radionuclides, especially in the selected 
use of P32 and I#31, Mitchell calls atten- 
tion to many difficult associated prob- 
lems. He cautions against overirradiation 
of the marrow and warns of the risks of 
carcinogenesis. 

Chapter 5, by W. Binks, deals with 
“Principles and standards of radiation 
safety.” Many common terms, such as 
absorbed dose, rad, rem, and R.B.E., are 
defined. Whereas most of the radiation 
standards in the U.S.S.R. are similar to 
those in other countries, there are some 
interesting differences. Administrative 
and legal problems associated with the 
use of radioisotopes are discussed. 

The late A. J. Cipriani wrote the sixth 
chapter, dealing with “Health and safety 
activities in reactor and chemical process- 
ing plants.” 

The final chapter, by G. Failla, is 
titled, “Dosimetry of ionizing radiation,” 
and is an extended discussion of the 
Bragg-Gray principle and of the two 
associated parameters—stopping power 
and energy—required to produce an ion 
pair. 

Karu Z. Morcan 
Oak Ridge National Laboratory 


New Books 


Black Bourgeoisie. The rise of a new 
middle class in the United States. E. 


~ Franklin Frazier. Free Press, Glencoe, IIl., 


1957. 264 pp. $4. 

Modern Science and the Nature of Life. 
William S. Beck. Harcourt, Brace, New 
York, 1957. 319 pp. $5.75. 

Instrumental Analysis. Paul Delahay. 
Macmillan, New York, 1957. 395 pp. 
$7.90. 

Annuaire des Organisations Interna- 
tionales. 1956-57. L’Union des Associa- 
tions Internationales, Brussels, ed. 6, 1957. 
1266 pp. $10. 

Nuclear Reactors for Research. vol. 3 
in The Geneva Series on the Peaceful 
Uses of Atomic Energy. Clifford K. Beck, 
Ed. Van Nostrand, Princeton, N.J., 1957. 
279 pp. $8.50. 

Man against Germs. A. L. Baron. Dut- 
ton, New York, 1957. 320 pp. $4.50. 

Mathematics, Magic and Mystery, Mar- 
tin Gardner. Dover, New York, 1956. 188 
pp. $1. 

The Chemical History of a Candle. 
Michael Faraday. Reprinted with fore- 
word by E. N. da C. Andrade; biographi- 
cal introduction by Sir J. Arthur Thom- 
son. Crowell, New York, 1957. 190 pp. 
$2.75. 

Notions de Cytologie et Histologie. M. 
Chévremont. Desoer, Liége, 1956. 998 pp. 
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Elementary Practical Organic Chem- 
istry. pt. I, Small Scale Preparations. vol. 
| of Elementary Practical Organic Chem- 
istry. Arthur I. Vogel. Longmans, Green, 
New York, 1957. 376 pp. $4.50. 

Frontiers of Knowledge in the Study of 
Man. Lynn White, Jr., Ed. Harper, New 
York, 1956. 342 pp. $4.50. 

Jets, Wakes, and Cavities. vol. 2 of Ap- 
plied Mathematics and Mechanics. Gar- 
rett Birkhoff and E. H. Zarantonello. Aca- 
demic Press, New York, 1957. 365 pp. $10. 

Tables of the Non-Central t-Distribu- 
tion. Density function, cumulative distri- 
bution function, and percentage points. 
Stanford Studies in Mathematics and Sta- 
tistics, 1. George J. Resnikoff and Gerald 
J. Lieberman. Stanford University Press, 
Calif., 1957. 389 pp. $12.50. 

Building an Engineering Career. Clem- 
ent C. Williams and Erich A. Farber. Mc- 
Graw-Hill, New York, ed. 3, 1957. 309 pp. 
$4.75. 

The American Oasis. The land and its 
uses. Edward Higbee. Knopf, New York, 
1957. 272 pp. $5. 

Muscle Relaxants in Anesthesiology. A 
monograph in the Bannerstone Division 
of American Lectures in Anesthesiology. 
Francis F. Foldes. Thomas, Springfield, 
Ill. ; Blackwell, Oxford, England; Ryerson, 
Toronto; 1957. 232 pp. $5.50. 

The Challenge of Soviet Education. 
George S. Counts. McGraw-Hill, New 
York, 1957. 343 pp. $6. 

Thermodynamics and Statistical Me- 
chanics. A. H. Wilson. Cambridge Uni- 
versity Press, New York, 1957. 510 pp. 
Illus. $9.50. 

Life, Language, Law. Essays in honor 
of Arthur F. Bentley. Richard W. Taylor, 
Ed. Antioch Press, Yellow Springs, Ohio, 
1957. 235 pp. $4.50. 

Treatise on Marine Ecology and Paleo- 
ecology. vol. 2, Paleoecology. Memoir 67. 
Harry S. Ladd, Ed. Geological Society of 
America, New York, 1957. 1087 pp. $10. 

The Conquest of the Antarctic. Norman 
Kemp. Philosophical Library, New York, 
1957. 152 pp. $4.75. 

Comfort for Survival. In nature and 
man. Angus M. Woodbury. Vantage, New 
York, ed. 1, 1957. 110 pp. $3. 

Living Chemistry. Maurice R. Ahrens, 
Norris F. Bush, Ray K. Easley. Ginn, Bos- 
ton, rev..ed. 2, 1957. 638 pp. $5.28. 

The Theory of Social Structure. S. F. 
Wadel. Free Press, Glencoe, Ill., 1957. 
175 pp. 

Plant Ecology. William Leach. Me- 
thuen’s Monographs on Biological Sub- 
jects. Michael Abercrombie, Ed. Methuen, 
London; Wiley, New York, ed. 4, 1957. 
113 pp. $2. 

The Idealist Tradition. From Berkeley 
to Blanshard. vol. 1 of The Library of 
Philosophical Movements. Paul Edwards, 
Ed. Free Press, Glencoe, Ill., 1957. 376 
pp. $5.50. 

Year Book 1955-1956. With adminis- 
trative reports through 14 Dec. 1956. Car- 
negie Institution of Washington, 1956. 
383 pp. Cloth, $1.50; paper, $1. 

A Handbook of Hard Metals. W. 
Dawihl. Abridged English translation of 
Handbuch der Hartmetalle. Philosophical 
Library, New York, 1956. 170 pp. $10. 


Hémostase Spontanée, Plaquettes San- 
guines et Parois Vasculaires. Actes du I** 
symposium de la Fondation V. Baldacci. 
J. Roskam, Ed. Istituto di Ricerche V. 
Baldacci, Pisa, Italy, 1956. 190 pp. 

Walt Disney: Secrets of Life. A true- 
life adventure. Rutherford Platt and the 
staff of the Walt Disney Studio. Based on 
the film narration by James Algar. Simon 
and Schuster, New York, 1957. 124 pp. 
$2.95. 

The Wonder of Snow. Corydon Bell. 
Hill and Wang, New York, 1957. 285 pp. 
$5. 

Introduction to Psychology. Ernest R. 
Hilgard. Harcourt, Brace, New York, ed. 
2, 1957. 668 pp. 

Beekmantown Group (Lower Ordovi- 
cian) of Maryland. William J. Sando. 
Memoir 68. Geological Society of America, 
New York, 1957. 161 pp. 

Plant Virus Serology. R. E. F. Mat- 
thews. Cambridge University Press, New 
York, 1957. 139 pp. $5. 

The Americana Annual: 1957. An ency- 
clopedia of the events of 1956. Lavinia P. 
Dudley and John J. Smith, Eds. Ameri- 
cana Corp., New York, 1957 (order from 
Americana Corp., 333 N. Michigan Ave., 
Chicago). 936 pp. $12. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Laboratory Manual of Microbiology. 
H. Magdalene Steward. Mosby, St. Louis, 
ed. 2, 1957. 103 pp. $2.25. 

Higher Education and the Society It 
Serves. Statements presented at the an- 
nual meeting of the American Council 
on Education, 11-12 October 1956, Chi- 
cago. Raymond F. Howes, Ed. American 
Council on Education, Washington, 1957. 
103 pp. $1. 

Two New Species of Birds from Angola. 
Fieldiana: Zoology, vol. 39, No. 5. Austin 
L. Rand, 5 pp. $0.15. The Bayou Goula 
Site, Iberville Parish, Louisiana. Fieldi- 
ana: Anthropology, vol. 47, No. 2. George 
I. Quimby. 170 pp. $1.75. The Present 
Status of the Volcanoes of Central Amer- 
ica. Fieldiana: Geology, vol. 10, No. 28. 
Sharat Kumar Roy. 5 pp. $0.15. Early 
Cretaceous Mammals and the Evolution 
of Mammalian Molar Teeth. Fieldiana: 
Geology, vol. 13, No. 1. Bryan Patterson. 
105 pp. $2.25. Chicago Natural History 
Museum, Chicago, 1957. 

Emmetropia and Its Aberrations. A 
study in the correlation of the optical 
components of the eye. Special Report 
Series No. 293. Arnold Sorsby, B. Benja- 
min, J. B. Davey, M. Sheridan, J. M. 
Tanner. Medical Research Council, Lon- 
don, 1957 (order from Her Majesty’s 
Stationery Office, London). 69 pp. 7s. 6d. 

Anatomical Atlas. Maud Jepson. Rine- 
hart, New York, 1957. 24 pp. $0.95. 

The Measurement of Body Radioactiv- 
ity. Papers read at a conference held at 
Leeds on 16-17 April 1956. Supplement 
No. 7, British Journal of Radiology. C. B. 
Allsopp, Ed. British Institute of Radiol- 
ogy, London, 1957. 130 pp. 25s. 
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Meetings 


Role of Gravitation in Physics 


Some 45 physicists from England, 
Denmark, France, Germany, Japan, 
Sweden, Turkey, and the United States 
met at the University of North Caro- 
lina, Chapel Hill, 18-23 Jan., for a week 
of working sessions to discuss the role of 
gravitation in physics. The conference 
was the first formal activity of the In- 
stitute of Field Physics, Inc., whose 
North Carolina project was established 
within the department of physics of the 
University of North Carolina in 1956. 
The conference was sponsored by the 
Internaticnal Union of Pure and Ap- 
plied Physics, the National Science 
Foundation, the Wright Air Develop- 
ment Center of the U.S. Air Force, the 
Office of Ordnance Research of the U.S. 
Army, and the Institute of Natural Sci- 
ence of the University of North Carolina. 

The title of the conference emphasizes 
the fact that gravitation, although one of 
the earliest theories in physics, has so far 
remained isolated and has very few links 
with other branches of physics. The 
works of Galileo, Newton, and Einstein 
—of great intellectual beauty—seem, at 
first, to be completely self-contained. 
But if, as a working hypothesis, we be- 
lieve in the organic whole of nature, we 
want to investigate the concepts which 
would bring gravitation intimately into 
our description of nature. In particular, 
a quantum theory of gravitation would 
bring together the laws of the very small 
and of the very large. Even if no real 
progress is made, in the course of such 
an investigation, toward linking the the- 
ory of gravitation more closely with the 
other physical theories, the investigation 
in itself would force us into a deeper 
understanding of both gravitation and 
other physical theories. 

The first session of the conference was 
devoted to a report on experiments 
which substantiate the Einstein relativ- 
istic theory of gravitation. Very few such 
experiments are feasible with present- 
day techniques, and the scarcity of ex- 
perimental guideposts is one of the big- 
gest difficulties for researchers in this 
field. The three well-known astronom- 
ical observations were briefly mentioned 
only to express the wish that they could 
be performed with more accurscy. On 
the other hand, the accuracy of the 
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and Societies 


Eétvés experiment (1890), which proves 
the equivalence of the gravitational and 
inertial mass (in other words, that all 
bodies fall at the same rate in the same 
gravitational field) can now be increased 
from 1 part in 108 to 1 part in 101, 
There are other experiments which could 
also delineate the validity of Einstein 
theory, such as the “clock experiment,” 
which can now be performed on earth, 
and the measure of the (absence of) sec- 
ular variation in the strength of the 
gravitational interaction. 

The next session of the conference 
covered some advances which have been 
made recently in the mathematics of 
Einstein’s equations. The extraordinary 
mathematical difficulties involved in the 
study of gravitation have not yet been 
overcome, but some tools developed by 
mathematicians in the study of integra- 
tion of nonlinear partial differential 
equations and properties of their solu- 
tions, and by physicists in their studies 
of quantum field theories, foster a re- 
newed interest in the subject. 

The working sessions were divided, for 
convenience, into sessions on classical 
general relativity and sessions on quan- 
tized general relativity. The main prob- 
lems discussed in the classical group were 
the following: (i) Do the equations pre- 
dict the existence of gravitational waves? 
(ii) What are the true observables of the 
theory (as opposed to variables of inte- 
gration chosen for mathematical con- 
venience)? (iii) Which invariants and 
topological problems might lead to a 
grasp of the physical reality of the gravi- 
tational field? 

The first question -raised tm the sessions 
on quantum field theory was, Why quan- 
tize the gravitational field? The theory 
of measurement in the context of gravi- 
tation can tell us whether there is a 
logical necessity for quantizing the gravi- 
tational field. It seems at present that 
there is a logical need either to quantize 
the gravitational field or else to intro- 
duce a new basic principle in physics. 
Even without settling. this question, 
physicists are interested in tackling the 
technical problems of quantization of 
the gravitational field, partly because of 
their present difficulties in ‘understand- 
ing. existing quantum field theories and 
elementary particles and partly because 
it is a challenging problem in itself. One 


of the techniques most discussed was the 
use of Feynman’s path integral in curved 
space. 

Cosmologists were invited to report on 
some advances in their field that are of 
interest for the theory of gravitation and, 
as one conferee said, “to give us a view 
of applied gravitation theory.” 

A short report cannot give a picture 
of the active discussions that went on 
among the conferees. Most of them are 
working almost wholly independently of 
one another and are eager to engage in 
discussions of all the difficulties they 
have encountered and the results that 
they are beginning to obtain. This con- 
ference was the second one devoted to 
the subject of gravitation; the first “A 
jubilee of relativity theory,’ was held 
in Bern, Switzerland, in 1955, All the 
conferees wished to have other oppor- 
tunities to meet together; specifically, it 
is hoped that another conference will be 
held in the summer of 1958. 

A report on the proceedings of the 
conference is now in press and will be 
distributed as a U.S. Air Force tech- 
nical report. Inquiries concerning this 
report should be sent to Wright Air De- 
velopment Center, attention: WCRRX, 
Wright-Patterson Air Force Base, Ohio. 

Papers related to the subjects dis- 
cussed at the conference will appear in 
the July issue of Reviews of Modern 
Physics. 

Crecite DeWitt 
University of North Carolina, 
Chapel Hill 


African Studies Association 


At a recent weekend conference in 
New York of 35 leading scholars, and 
specialists on African affairs, Melville J. 
Herskovits, director of the Northwestern 
University Program of African Studies, 
was elected president of the newly cre- 
ated African Studies Association. During 
the 2-day conference, the decision was 
taken to establish a formal organization 
to serve the needs and interests of in- 
dividual scholars, university African pro- 
grams, and organizations concerned with 
Africa. 

In view of the postwar proliferation 
of scholarly associations, a majority of 
Africanists have previously displayed a 
reluctance to set up an African studies 
association until the usefulness of such a 
body could be clearly demonstrated. 
However, the continually increasing im- 
portance of Africa in world affairs, and 
the attraction of an ever-growing number 
of specialists to African research, con- 
vinced those attending the conference 
that a clearing house was needed for the 
cross-dissemination of information on 
Africa. 

Reflecting the activities and interests 
of most of those attending the confer- 
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ence, the African Studies Association will 
focus attention upon the problems of sub- 
Saharan Africa. However, throughout 
Africa’s long history, trade and com- 
merce have repeatedly breached the Sa- 
haran barrier to link North and South 
Africa. With ties between the two re- 
gions strengthened by modern communi- 
cations and with an expressed interest 
among the leaders of independent Africa 
for the creation of an African bloc, the 
association will welcome to its member- 
ship specialists in North African research. 

The functions of this nonpolitical as- 
sociation will be to facilitate communi- 
cation among scholars interested in Af- 
rica and to stimulate research on Africa 
by specialists in various scientific disci- 
plines and the humanities. 

The conference concluded its work by 
setting up a temporary organization and 
electing officers. In addition to naming 
Herskovits as ~president, Gwendolen M. 
Carter, Smith College political scientist, 
was elected to the vice presidency. The 
board of trustees that was empowered to 
draft a constitution and administer asso- 
ciation affairs until the convening of the 
first annual meeting included: W. O. 
Brown, director, Boston University Afri- 
can Studies Program; John Considine, 
professor of contemporary world affairs 
at Maryknoll Seminary; L. Gray Cowan, 
Columbia University; Leonard Doob, 
Yale University; Walter Goldschmidt, 
anthropologist, University of California 
at Los Angeles; Franklin Frazier, How- 
ard University; C. W. de Kiewiet, presi- 
dent, University of Rochester; and Ver- 
non McKay, professor of African studies 
at the Johns Hopkins University. 


AAAS Meeting Support 


Additional contributions to help re- 
duce the deficit of the AAAS meeting 
held in New York, 26-31 Dec. 1956, 
have been received from the following 
during the months since the report of the 
meeting was made [Science 125, 285 (15 
Feb. 1957)]: Chase Manhattan Bank; 
S. Sloan. Colt, chairman of the board, 
Bankers Trust Company; Eastman Ko- 
dak Company; Erwin, Wasey and Com- 
pany, Inc.; General Dynamics Corpora- 
tion; Johnson and Johnson; National 
Cash Register Company; Owens-Illinois; 
Pfizer Foundation, Inc.; Phelps Dodge 
Corporation; Socony Mobil Oil Com- 
pany, Inc.; Union Carbide Corporation; 
United States Steel Corporation; and 
Winthrop Laboratories. 


College Administration 


The annual Institute on College Ad- 
ministration for presidents, deans, and 
other administrative officers will be held 
at the University of Michigan from 15- 
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19 July. Major themes to be covered in 
the program include: problems and 
trends in higher education; curriculum 
planning and administration; human re- 
lations factors in personnel administra- 
tion; student personnel problems; and 
purposes of higher education and their 
implementation. Those attending the in- 
stitute will have opportunity to help de- 
termine specific topics and problems to 
be discussed at the afternoon sessions. 
Special attention will be given to the 
use of institutional self-studies. 

The director of the institute will be 
Algo D. Henderson, professor of higher 
education, and the assistant director will 
be James M. Davis, assistant professor 
of education and director of the Inter- 
national Center, both of the University 
of Michigan. Other staff will include 
Earl McGrath, director of the Institute 
for the Study of Higher Education, 
Teachers College, Columbia University; 
Frank R. Kille, dean of Carleton Col- 
lege; E. G. Williamson, dean of students, 
University of Minnesota; and adminis- 
trative officers and professors of the Uni- 
versity of Michigan. Additional informa- 
tion may be obtained by writing to Algo 
D. Henderson, 2442 U.E.S., University 
of Michigan, Ann Arbor, Mich. 


Biological Symposium 


The eighth annual Biological Sym- 
posium of the University of Michigan 
Summer Session will be held 9-11 July. 
The general subject is “Hormones and 
growth.” The speakers will be Dietrich 
Bodenstein (Army Chemical Center), 
Roy O. Greep (Harvard University), 
Frederick L. Hisaw (Harvard Univer- 
sity), and Folke K. Skogg (University of 
Wisconsin). 

Housing may be secured by writing di- 
rectly to the Michigan Union, 530 S. 
State St., Ann Arbor, Mich. Other in- 
quiries may be directed to Dr. Burton L. 
Baker, Department of Anatomy, Uni- 
versity of Michigan, Ann Arbor. 


Mammalian Cell Culture 


. A 3-day series of conferences and labo- 
ratory demonstrations dealing with quan- 
titative methods of mammalian cell cul- 
ture will be presented by the department 
of biophysics, University of Colorado 
Medical Center, in Denver, Colo., 9-11 
Sept. The techniques for quantitative 
growth on plates of single mammalian 
cells and isolation of clonal stocks will be 
demonstrated. Application of these meth- 
ods to problems of mammalian cell 
growth, genetics, nutrition, and interac- 
tion with agents like x-radiation and 
viruses will be considered. 

These sessions are open to responsible 
scientists engaged in teaching and re- 


search. Inquiries should be directed to 
the Office of Graduate and Postgraduate 
Education, University of Colorado Medi- 
cal Center, Denver 20, Colo. Applica- 
tions will be accepted in the order of 
their receipt, to the limit of the avail- 
able accommodations. The conference is 
sponsored by the Colorado Division of 
the American Cancer Society. 


International Conference 
on Pesticides 


The International Conference on 
Pesticides that was to be held 16-18 Oct., 
if sufficient supporting funds became 
available, has been postponed. The funds 
subscribed totaled $14,250, which was 
something short of the $25,000 minimum 
considered necessary; therefore, plans for 
holding the conference in 1957 have had 
to be canceled. If sufficient interest con- 
tinues, development of plans for a con- 
ference in 1958 will be considered. 


Origin of Life 


A Symposium on the Origin of Life, 
organized under the auspices of the In- 
ternational Union of Biochemistry, will 
be held in Moscow, U.S.S.R., 19-24 
Aug., followed by a visit to Leningrad. 
Further details can be obtained from the 
secretary of the Organizing Committee, 
Prof. G. A. Deborin, Institute of Bio- 
chemistry, U.S.S.R. Academy of Sci- 
ences, B. Kaluzskaya 33, Moscow, B.71, 
U.S.S.R. 


Forthcoming Events 
June 


10-11. Instrumentation in Medicine and 
Biology, symp., Ridgefield, Conn. (J. H. 
Heller, New England Inst. for Medical 
Research, Ridgefield. ) 

11-13. American Meteorological Soc., 
Monterey, Calif. (K. C. Spengler, AMS, 
3 Joy St., Boston 8, Mass.) 

11-15. Ionization Phenomena in Gases, 
3rd _ internatl. conf., Venice, Italy. (U. 
Facchini, Laboratori CISE, Via Procaccini 
1, Milan, Italy.) 

12-15. Colloquium of College Physi- 
cists, 19th annual, Iowa City, Iowa. (J. A. 
Van Allen, Dept. of Physics, State Univ. 
of Iowa, Iowa City.) 

13-15. Instrumental Methods of Analy- 
sis, 3rd na‘l. symp., Chicago, Ill. (H. S. 
Kendler, Instrument Soc. of America, 313: 
Sixth Ave., Pittsburgh 22, Pa.) 

16-20. American Soc. of Mammalogists, 
annual, Lawrence, Kansas. (B. P. Glass, 
Dept. of Zoology, Oklahoma A.&M. Col- 
lege, Stillwater.) 

16-21. American Soc. for Testing Ma- 
terials, Atlantic City, N.J. (R. J. Painter, 
ASTM, 1916 Race St., Philadelphia 3.) 

17-19. American Neurological Assoc., 
Atlantic City, N.J. (C. Rupp, 133 S. 36 
St., Philadelphia 4, Pa.) 
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17-19. Astronomical Soc. of the Pacific, 
annual, Flagstaff, Ariz. (S. Einarsson, 
Univ. of California, Berkeley 4.) 

17-19. Health Physics Soc., 3rd annual, 
Pittsburgh, Pa. (H. W. Patterson, Radia- 
tion Lab., Univ. of California, Berkeley. ) 

17-19. Military Electronics, national 
convention, Washington, D.C. (G. Rap- 
paport, Emerson Radio & Phonograph 
Corp., 701 Lamont St., NW, Washington 
10.) 

17-20. Carbon Conf., 3rd, Buffalo, N.Y. 
(Carbon Conf., Univ. of Buffalo, Buffalo. ) 

17-20. Institute of Aeronautical Sci- 
ences, natl. summer, Los Angeles, Calif. 
(S. P. Johnston, IAS, 2 E. 64 St., New 
York 21.) 

17-21. American Soc. for Engineering 
Education, annual, Ithaca, N.Y. (W. L. 
Collins, Univ. of Illinois, Urbana. ) 

17-21. Association of Official Seed 
Analysts, annual, Baton Rouge, La. (L. 
C. Shenberger, Seed Lab., Dept. of Agri- 
cultural Chemistry, Purdue Univ., Lafay- 
ette, Ind.) 

17-21. Canadian Medical Assoc., 90th 
annual, Edmonton, Alberta, Canada. 
(CMA, 244 George St., Toronto, Ont. ) 

17-22. Coordination of Galactic Re- 
search, internatl. symp., Stockholm, Swe- 
den. (P. T. Oosterhoff, University Ob- 
servatory, Leiden, Netherlands. ) 

17-22, Internal Combustion Engine 
Cong., 4th internatl., Zurich, Switzerland. 
(C. C. M. Logan, British National Com- 
mittee, 6 Grafton St., London, W.1.) 

17-28. Wear Theory in Metal Cutting 


and Bearing Design, special summer pro- 
gram, Cambridge, Mass. (Massachusetts 
Inst. of Technology, Cambridge 39.) 

19-21. Association for Computing Ma- 
chinery, annual, Houston, Tex. (J. Mosh- 
man, ACM, 2 E. 63 St., New York 21.) 

19-21. Society for the Study of Devel- 
opment and Growth, 16th annual symp., 
Kingston, R.I. (R. O. Erickson, SSDG, 
Botanical Lab., Univ. of Pennsylvania, 
Philadelphia 4.) 

20-22. American Assoc. of Physics 
Teachers, annual, Schenectady, N.Y. (F. 
Verbrugge, School of Physics, Univ. of 
Minnesota, Minneapolis. ) 

20-22. American Physical Soc., Notre 
Dame, Ind. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27.) 

20-22. Soc. of Nuclear Medicine, 4th 
annual, Oklahoma City, Okla. (R. Lackey, 
SNM, 452 Metropolitan Bldg., Denver, 
Colo. ) 

21-23. American Assoc. of Bioanalysts, 
annual, New Orleans, La. (G. Hoffman, 
3707 Gaston, Suite 419, Dallas, Tex.) 

22-28. American Soc. of Medical Tech- 
nologists, annual, Chicago, Ill. (Miss R. 
Matthaei, ASMT, Suite 25, Hermann Pro- 
fessional Bldg., Houston 25, Tex.) 

23-26. American Soc. of Agricultural 
Engineers, E. Lansing, Mich. (J. L. Butt, 
ASAE, St. Joseph, Mich.) 

23-28. American Physical Therapy 
Assoc., annual, Detroit, Mich. (Miss M. 
E. Haskell, APTA, 1790 Broadway, New 
York 19.) 

23-28. National Assoc. of Power En- 
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gineers, natl., Grand Rapids, Mich. (E. J. 
Schuetz, NAPE, 176 W. Adams St., Chi- 
cago 3, Ill.) 

23-29. American Library Assoc., an- 
nual, Kansas City, Kans. (D. H. Clift, 
ALA Hgq., 50 E. Huron St., Chicago 11, 
Ill.) 

23-30. Rheumatic Diseases, 9th inter- 
natl. cong., in conjunction with American 
Rheumatism Assoc., Toronto, Ont., Can- 
ada. (E. Dunlop, Box 237, Terminal “A,” 
Toronto. ) 

24-26. Aging, 10th conf., Ann Arbor, 
Mich. (Div. of Gerontology, Univ. of 
Michigan, Rackham Bldg., Ann Arbor.) 

24-26. American Soc. of Heating and 
Air-Conditioning Engineers, Murray Bay, 
Quebec, Canada. (A. V. Hutchinson, 
ASHAE, 62 Worth St., New York 13.) 

24-27. Agricultural Inst. of Canada, 
with six other Canadian agricultural socs., 
annual, Vancouver, B.C. (W. J. Anderson, 
Dept. of Agricultural Economics, Univ. of 
British Columbia, Vancouver. ) 

24-28. American Inst. of Electrical En- 
gineers, summer general, Montreal, Que- 
bec, Canada. (N. S. Hibshman, AIEE, 33 
W. 39 St., New York 18.) 

24-28. Scientific Management, 11th in- 
ternatl. cong., Paris, France. (Internatl. 
Committee of Scientific Management, 57, 
rue de Babylone, Paris 7°.) 

24-29. Cosmical Gas Dynamics, 3rd 
symp. (by invitation), Internatl. Union of 
Theoretical and Applied Mechanics, Cam- 
bridge, Mass. (J. M. Burgers, Univ. of 
Maryland, College Park.) 

25-27. Max Planck Soc. for the Ad- 
vancement of Science, annual general as- 
sembly, Liibeck, Germany. (Max Planck 
Soc. for the Advancement of Science, 
Kaiserwertherstrasse 164, Dusseldorf, Ger- 
many. ) 

25-28. American Dairy Science Assoc., 
51st annual, Stillwater, Okla. (H. F. Jud- 
kins, 32 Ridgeway Circle, White Plains, 
N.Y.) 

25-28. American Home Economics As- 
soc., St. Louis, Mo. (Miss M. Horton, 
AHEA, 1600 20 St., NW, Washington 9.) 

30-1, National Education Assoc., an- 
nual, Philadelphia, Pa. (W. G. Carr, 
NEA, 1201 16 St., NW, Washington 6.) 


July 


1-3, Reproduction and Infertility, 3rd 
symp., Fort Collins, Colo. (F. X. Gassner, 
Colorado State Univ., Fort Collins. ) 

1-6. Brazilian Soc. for the Advancement 
of Science, 9th annual, Rio de Janeiro, 
Brazil. (Sociedade Brasileira Para o Pro- 
gresso da Ciencia, Caixa Postal 2926, Sao 
Paulo, Brazil.) 

1-6. Industrial Medicine, 12th inter- 
natl. cong., Helsinki, Finland. (L. Noro, 
Inst. of Occupational Health, Huapalah- 
denkatu 1, T8818, Helsinki.) 

2-4, Neurological Basis of Behavior, 
Ciba Foundation Symp. (by invitation 
only), London, England. (G. E. W. Wol- 
stenholme, Ciba Foundation, 41 Portland 
Pl., London, W.1.) 

2-6. Physical Problems of Color Tele- 
vision, internatl. symp. of IUPAP, Paris, 
France. (Secretary, Colloque’ Interna- 
tional sur les Problémes de la Télévision 
en Couleurs, Conservatoire National des 
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Arts et Métiers, 292, rue Saint-Martin, 
Paris 3°.) 

3-6. Current Problems in Crystal Phys- 
ics, conf. IUPAP and NSF, Cambridge, 
Mass. (J. S. Slater, Massachusetts Inst. of 
Technology, Cambridge 39.) 

8-10. Astrophysical Symp., 8th internl., 
Liége, Belgium. (P. Swings, Institut d’As- 
trophysique, Université de Liége, Liége. ) 

8-10. Endocrine Aspect of Breast Can- 
cer, Internatl., conf., Glasgow, Scotland. 
(A. P. M. Forrest, Dept. of Surgery, West- 
ern Infirmary, Glasgow, W.1.) 

8-12. Inter-American Cong. of Philoso- 
phy, 5th, Washington, D.C. (R. M. Chis- 
holm, Brown Univ., Providence, R.I.) 


8-12. Poliomyelitis Conf., 4th inter- 


natl., Geneva, Switzerland. (Secretariat, 
4th International Poliomyelitis Confer- 
ence, Hotel du Rhone, Geneva. ) 

9-11. Biological Symp., 8th annual, 
Univ. of Michigan, Ann Arbor. (B. L. 
Baker, Dept. of Anatomy, Univ. of Michi- 
gan, Ann Arbor. 

9-13. European Molecular Spectros- 
copy Conf., Freiburg, Breisgau, Germany. 
(R. Mecke, Dept. of Physical Chemistry, 
Univ. of Freiburg, Freiburg.) 

9-13, International Cong. for the Study 
of Social Insects, Paris, France. (G. Rich- 
ard, International Union for the Study of 
Social Insects, Faculty of Sciences, Uni- 
versity of Rennes, Rennes, France. ) 

10-12. Thermodynamic and Transport 
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Properties of Fluids, conf., IUPAC, Lon- 
don, England. (Institution of Mechani- 
cal Engineers, 1, Birdcage Walk, West- 
minster, London, S.W. 1.) 

10-17. International Union of Crystal- 
lography, 4th genl. assembly, Montreal, 
Canada. (G. A. Jeffrey, Chemistry Dept., 
Univ. of Pittsburgh, Pittsburgh 13, Pa.) 

14-19, International Assoc. of Geron- 
tology, Merano, Italy. (A. I. Lansing, 
Dept. of Anatomy, Univ. of Pittsburgh, 
Pittsburgh 13, Pa.) 

14-20. Clinical Pathology, 4th internatl. 
cong., Brussels, Belgium. (M. Welsch, 
Service de Bacteriologie et de Parasitolo- 
gie, Université de Liége, Blvd. de la Con- 
stitution, Liége, Belgium. ) 

15-19. Institute on College Adminis- 
tration, annual, Ann Arbor, Mich. (A. D. 
Henderson, 2442 U.E.S., Univ. of Mich- 
igan, Ann Arbor.) 

16-19. American Malacological Union, 
annual, New Haven, Conn. (Miss M. C. 
Teskey, P.O. Box 238, Marinette, Wis. ) 

16-24. International Cong. for Pure 
and Applied Chemistry, 16th, Paris, 
France (R. Morf, Secy. Genl., IUPAC, 
Sandoz, S.A., Basel, Switzerland. ) 

20-21. Medical-Sociological Aspects of 
Senile Nervous Diseases, internatl. symp., 
Venice, Italy. (S. N. Feingold, Jewish 
Vocational Service of Greater Boston, 70 
Franklin St., Boston 10, Mass.) 

21-28. Neurological Sciences, Ist in- 
ternatl. cong., Brussels, Belgium. (P. 
Bailey, National Institutes of Health, 
Bethesda 14, Md.) 

23-24. Modern Electrochemical Meth- 
ods of Analysis, Internatl. symp., Paris, 
France. (G. Charies, Ecole Superieure de 
Physique et de Chimie, 10, rue Vauquelin, 
Paris 5°.) 

25-26. Structure Properties Relation- 
ships of Polymers (IUPAC), Paris France. 
(International Union of Pure and Applied 
Chemistry, 4, Avenue de l’Observatoire, 
Paris 6°.) : 

25-29. Protein Chemistry Symp., 
IUPAC, Paris, France. (J. Roche, Col- 
lege de France, Place Marcellin Berthe- 
lot, Paris 5°.) 

26-27. Experimental Psychology and 
Animal Behavior Section of International 
Union of Biology, Brussels, Belgium. (H. 
S. Langfeld, Dept. of Psychology, Prince- 
ton Univ., Princeton, N.J.) 

26-27. Linguistic Soc. of America, Ann 
Arbor, Mich. (A. A. Hill, Box 7790, Uni- 
versity Station, Austin 12, Tex.) 

26-27. Military Psychology, internatl. 
symp., Brussels, Belgium. (National Acad- 
emy of Sciences, 2101 Constitution Ave., 
NW, Washington 25.) 

26-1. International Congress on Nu- 
trition, 4th, Paris, France. (Quatriéme 
Congrés_ International de Nutrition, 
CNERNA, 71, boulevard Péreire, Paris 
17°.) 

28-1. Psychoanalysis, 20th internatl. 
cong., Paris, France. (Dr. Nacht, 187, 
rue Saint-Jacques, Paris 5.) 

28-3. Psychology, 15th internatl. cong., 
Brussels, Belgium. (L. Delys, 296, avenue 
des Sept Bonniers, Forest-Bruxelles. ) 

31-5. International Assoc. for Hydrau- 
lic Research, Lisbon, Portugal. (M. Co- 
elho Mendes da Rocha, Laboratorio Na- 
cional de Engenharia Civil, Avenida do 
Brasil, Lisbon.) 
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FISHER 


Vnelitiod 


FURNITURE 


SIZE, SHAPE 
OR TYPE OF 
LABORATORY 


Unitized furniture is made in a wide 
variety of standard stock units and acces- 
Sories. They provide an almost limitless 
number of assemblies with which to meet 
the exact requirements of any size, type or 
shape laboratory. Once installed, they can 
be just as easily dismantled and re-assembled 
—together with additional units, if desired 
—to meet the ever-changing needs of a 
progressive laboratory. 


WRITE FOR FREE FURNITURE CATALOG 


“rience 
jabore eeectags 
CS 
{ no a 
SERRE < 
FISHER 


SCIENTIFIC 


Boston Buffalo Chicago Charleston, W. Va; 
Cleveland Detroit NewYork Philadelphia 
Pittsburgh St.Louis Washington Montreal + Toronto 





It shows suggested layouts, ease 
of installation and complete de- 
scription of all furniture units and 
accessories, 


139 Fisher Building, 
Pittsburgh 19, Pa, 





America’s Largest Manufacturer- Distributor of 
leboratory Appliances and Reagent Chemicals 
1004 

















Water or Oil Bath 

Heating — Circulation 
Temperature Control 
in ONE compact unit 


BRONWILL’ 


Constant Temperature 


CIRCULATOR 


(Pat. Pending) 





@ CONVERTS any suitable container 
into a constant temperature bath. 


WILL CIRCULATE tempered fluid 
with controlled flow. 


NEW long-life, quiet motor — 
4500 RPM. 


@ CONTACT THERMOMETER. 
Magnetic setting 0 - 100° C. 


TEMPERATURE sensitivity 
+ 0.01° C in insulated bath. 


A COMPLETE PORTABLE UNIT ONLY 
20” HIGH FOR HEATING, CIRCULA- 
TION AND TEMPERATURE CONTROL 


Write Dept. S-57 for full details. 


© 


BRONWILL 
SCIENTIFIC DIVISION 


ALS Sele) titel yale), | 
131 GOULD ST. -ROCHESTER 10, N.Y. 





DEALERS: Will Corporation @ Harshaw 
NYatcuiitite « 
Braun-Knecht-Heiman e 


Chicago Apparatus @ 
Canlab 


A prominent German 
scientist and rocket 
expert surveys 
technology’s challenge 





to human endurance 


Man 
Unlimited 


By HEINZ GARTMANN 


This new book tells the story of the 
deliberate game that man is playing 
with man in testing the limits of the 
human mind and body. 
‘‘Non-technical, exciting, jet-pro- 
pelled— the best book of its kind.” 
— SCOTT O’DELL, LOS ANGELES NEWS. 
“Explores the problems of human en- 
durance required by advanced tech- 
nology, the progress being done to 
enable man to keep up with his 
mechanical creations. A readable, in- 
formative book for the non-specialist.” 
—AIR FORCE MAGAZINE. 


Illustrated. $4.50, now at your bookstc-o 


PANTHEON BOOKS Inc. cared 


333 Sixth Avenue, New York 14 


Pocecoese eer reesceor cece cen! 


| 
| 
| 


THE LUMINESCENCE 
OF BIOLOGICAL SYSTEMS 





edited by Frank H. Johnson 


6” x 9’’, clothbound, 466 pp:, 
genera and species, subject and author 
indexes, bibliographies 
$7.00 ($6.00 for cash orders 
by AAAS members) 


| “The recent rapid development of 
bio-luminescence is well illustrated by 
the book and it should hasten the transi- 
tion of the field from a highly special- 
ized area to one having many points of 
contact with other parts of both physi- 
ology and chemistry.” American Scien- 
tist, Autumn 1956. 

The volume includes papers and dis- 
cussion on fundamental aspects of “cold 
light” given at a recent international 
conference. Leading investigators pro- 
vide a critical evaluation of current 
knowledge while exploring approaches 
to unsolved problems. The free inter- 
change of ideas in the discussions inten- 
sifies the stimulating nature of the book. 


AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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31-6. Dermatology, 11th  internatl. 
cong., Stockholm, Sweden. (C. H. Flo- 
den, Hudkliniken, Karolinska Sjukhuset, 
Stockholm 60.) 


August 


5-11. Pan American Cong. of Pediat- 
rics, Sth, Lima, Peru. (C. F. Krumdieck, 
Washington 914, Lima.) 

5-17, Curare and Curare-Like Agents, 
internatl. symp., Rio de Janeiro, Brazil. 
(C. Chagas, Instituto de Biofisica, Uni- 
versidade do Brasil, 458 Avenida Pasteur, 
Rio de Janeiro. ) 

6-9. Poultry Science Assoc., annual, Co- 
lumbia, Mo. (C. B. Ryan, Texas A.&M. 
College, College Station. ) 

7-9. Industrial Applications of X-Ray 
Analysis, 6th annual conf., Denver, Colo. 
(J. P. Blackledge, Metallurgy Div., Den- 
ver Research Inst., Univ. of Denver, Den- 
ver 10. 

7-9. International Union against the 
Venereal Diseases and the Treponema- 
toses, 3lst general assembly, Stockholm, 
Sweden. (Secretary General, Institut Al- 
fred Fournier, 25, boulevard Saint-Jac- 
ques, Paris 14°, France. ) 

8-15, International Statistical Inst., 
30th, Stockholm, Sweden. (Secretary Gen- 
eral, ISI 30th Session, Fack, Stockholm 
o:,) 

8-15, International Union for the Sci- 
entific Study of Population, Stockholm, 
Sweden. (F. Lorimer, c/o American Uni- 
versity, Washington 16.) 


11-14, Heat Transfer, national conf., 


University Park, Pa. (G. M. Dusinberre, 
Pennsylvania State Univ., University 
Park. ) 

11-17. World Federation for Mental 
Health, 10th annual, Copenhagen, Den- 
mark. (Miss E. M. Thornton, 19 Man- 
chester St., London, W.1, England.) 

12-16. Canadian Teachers’ Federation, 
annual, Edmonton, Alberta, Canada. (G. 
G. Croskery, 444 MacLaren St., Ottawa 
4, Ont. ) 

12-18. Theory of Functions, internatl. 
colloquium, Helsinki, Finland. (B. Eck- 
mann, Ecole Polytechnique, Federale, 
Zurich, Switzerland. ) 

12-25. International Soc. of Soil Me- 
chanics and Foundation Engineering, 4th 
Conf., London, England. (A. Banister, 
Institution of Civil Engineers, Great 
George St., London, S.W.1.) 

18-21, American Astronomical Soc., 
Urbana, Ill. (J. A. Hynek, Smithsonian 
Astrophysical Observatory, 60 Garden St., 
Cambridge 38, Mass. ) 

19-22. American Veterinary Medical 
Assoc., annual, Cleveland, Ohio. (J. G. 
Hardenbergh, AVMA, 600 S. Michigan 
Ave., Chicago 5, Ill.) 

19-23. Clay Conf., 6th natl., Berkeley, 
Calif. (Dept. of Conferences and Special 
Activities, Univ. of California Extension, 
Berkeley 4.) 

19-23. Clinical Chemistry, 2nd inter- 
national European cong., Stockholm, 
Sweden. (K. Agner, Box 12024, Stock- 
holm 12.) 

19-24, Finite Groups, internatl. col- 
loquium, Tiibingen, Germany. (H. Wiel- 
andt, Faculty of Mathematics and.Natural 
Science, Eberhard-Karls-Universitat, Tii- 
bingen. ) 
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SCHWARZ 
1957 
PRICE — 


LIST 


of : 
Biochemicals 


NOW READY 






ers of: 













Leading Manutactur 


sino Beids O- 5: - 
Derivatives 

e Purine and PY 

Compounds asi phosphates 


Sugars and Sv other 
Enzymes: Coenzyme®: 
e tr 


icals 
Biochemice 
emical Reagents 


rimidine 


« Bioch : 
. padiochernicals 


Some SCHWARZ Biochemicals 
for Industry and Research 


e Purines and Pyrimidines e Glutathione 
e Phosphorylated Adenosine e Sulfhydryl Reagents 
Compounds e Sugars 
e Cozymase e Triphenyl Tetrazolium 
e Nucleosides and Chloride 
Nucleotides e Deoxynucleosides 
e Nucleic Acids and e Optically Standardized 


Amino Acids 
e Radicactive Chemicals 


Metallic Nucleates 
e Sugar Phosphates 


Send the Coupon for your copy 


= oe oe —_—— ee ee ee eee eee ee ee ee ee et et ee ee oe a oe oe me rg 


SL 350E 


SCHWARZ LABORATORIES, INC. 


230 Washington Street, Mount Vernon, N. Y. 
Please send me copy of your 1957 Price List of Biochemicals 


Name 





Position 





Company 





Street Address 





City State __Zone 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


HAMPLIFIER is designed for laboratory 
applications requiring high input im- 
pedance and broad-band response. Fre- 
quency response is flat from Y2 cy/sec to 
2 Mcy/sec. Input impedance ranges 
from 0.1 to 500 Mohm. Up to ten am- 
plifiers fit side by side in a 19-in. relay 
rack. (Atlantic Research Corp., Dept. 
$299 


® VACUUM VALVE for pressures of 1071° 
mm-Hg and lower has an effective con- 
ductance for nitrogen of 1 x 10-11 lit/sec. 
The valve can be baked at temperatures 
up to 450°C, The valve assembly consists 
of a Monel cup sealed off by a flexible 
Monel diaphragm. Closure is effected by 
metal-to-metal contact between a nose 
piece carried by the diaphragm and a 
0.25-in. orifice. (Consolidated Electrody- 
namics Corp., Dept. $345) 


@ X-RAY ANALYZER designed for the con- 
tinuous analysis of a single element uti- 
lizes x-ray fluorescence, measuring the 
ratio of fluorescent radiation character- 
istic of the element to scattered radia- 
tion. Spectral lines from 0.35 to 2.8 A 
may be employed. This permits measure- 
ment of elements from titanium to cerium 
by their K-spectra and of elements up to 
atomic number 100 by their L-spectra. 
A curved crystal of lithium fluoride is 
used as the dispersive element of the 
spectrometer. Results are presented on a 
strip-chart ratio recorder. Errors are said 
to be less than +1 percent of full scale. 
Applied Research Laboratories, Dept. 
$331 


™ ELECTRON TUBE TESTER uses perforated 
cards to effect the proper circuit adjust- 
ments for tube testing. The testing pro- 
cedure consists of insertion of the tube, 
selection of the card appropriate to the 
tube type, and pushing of buttons to ob- 
serve quality. (Hickok Electrical Instru- 
ment Co., Dept. $245) 


® FREQUENCY STANDARD employs a stabi- 
lized tuning fork to generate a 400 cy/sec 
signal with an accuracy of + 0.005 per- 
cent. Operation is on 115-v, 60-cy/sec 
power. (Industrial Test Equipment Co., 
Dept. $319 





“y 


Practically indestructible! 





Sizes Available: 2 gal, 5 gal, 6% gal, 
13 gal. Priced from $19.80 to $37.80 each. 


Wh ALGE CO. 


ROCHESTER 2, 





N 


Ask your dealer for 
our new catalog E-956, 


Sizes available: 32 oz, % gal, 1 gal, 2 gal, 
5 gal, 6% gal, 13 gal. Priced from $2.65 


to $28,75 each, 


WORLD’S LARGEST SUPPLIER OF POLYETHYLENE LABORATORY WARE 


1006 


( 
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BOTTLES, ASPIRATOR 
with serrated tubing outlet. 


Nalgene Polyethylene 
CarpBoys and BoTTLeEs have so 
many advantages, it’s hard to 
say which are most 
important in laboratory use... 
light, easy to handle, 
unbreakable, chemically inert, 
heat resistant. They’re extremely 
useful in handling distilled water, 
caustics and acids. 
1208—CARBOYS ASPIRATOR 

with ¥%” all polyethylene 

needle type spigots. 


1206— 











™ MICROFILM CAMERA assembly consists 
of a book-holder base, a metal column, 
and a camera, The camera operates on 
a 3-sec cycle per exposure. One second 
is devoted to the actual exposure. Ad- 
justment to four sizes of the area to be 
copied is provided. (A. Seidell, Dept. 
$249 


© THERMAL CONDUCTIVITY CELL for chro- 
matographic analysis operates over a 
range of 30° to 325°C and accommo- 
dates liquids with boiling points up to 
425°C. Flake are used as 
temperature-sensing elements. The de- 
tector is constructed of stainless steel and 
enclosed in an oven in which the tem- 
perature is continuously variable from 
30° to 350°C. Resistance is measured by 
a Wheatstone bridge designed for use 
with flake thermistors. (Barnes Engineer- 
ing Co., Dept. S330) 


thermistors 


® AUTOMATIC ANALYZERS for total hard- 
ness and silica content perform continu- 
ous analysis and record results. Both in- 
struments utilize colorimetric methods. 
Total hardness determination is based on 
complex formation of calcium and mag- 
nesium with a dye. Silica determination 
is based on formation of colloidal molyb- 
denum blue. The operating cycles of the 
instruments simulate closely the corre- 
sponding manual operations. Standard 
range of the hardness analyzer is 0 to 3 
(Moh) and of the silica analyzer 0 to 0.2. 
(Milton Roy Co., Dept. S314) 


™ DEWAR FLASKS Of stainless steel have a 
radiant heat transfer of less than 3000 
cal/hr at 300°F ambient, with tem- 
perature of contents: 40°F, Conduction 
through the neck in a 4-in. length is less 
than 20 cal/hr deg C. The flasks are of 
welded construction. (Consolidated Elec- 
trodynamics, Dept. $350) 


® ROENTGEN METER Measures gamma and 
x-ray rates in body cavities. The detect- 
ing element is an anthracene crystal 
mounted in a slender probe. The probe 
is designed to avoid corrections for radia- 
tion hardness. The probe and cable can 
be sterilized by alcohol immersion. 
NRD Instrument Co., Dept. $297) 


™ POWER SUPPLY for proportional count- 
ers and ionization chambers furnishes 1 
to 10 kv d-c output at 0 to 1 ma. Two 
models are available. One has regulation 
of 0.01 percent, stability 0.1 percent per 
day, and noise and ripple less than 10 
mv. The other has regulation of 0.002 
percent, stability 0.01 percent per day, 
and noise and ripple less than 10 mv. 
The latter model uses a chopper ampli- 
fier and standard cell reference. Both 
models are designed to mount in a 19-in. 
rack. (Beva Laboratory, Dept. S326) 

JosHuA STERN 
National Bureau of Standard 
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GLASS ABSORPTION 


CELLS =") (KLETT 











made 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 











Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
















TACHISTOSCOPE 


MEMORY WORK 





CONVENTIONAL 





PROJECTOR 











piseele] Thile), | 


REMEDIAL 
TRAINING 


READING 
PACER 
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To achieve the most versa- 
tile exposure combinations 
Stoelting has attached an ad- 
ditional shutter, motor, switches 

and cams to a full automatic pro- 
jector. Slides up to a full tray of 36 

can be exposed in semi or automatic 
sequence. by manual or remote electri- 
cal control for intervals of 1/100—1/50 
—1/25—1/10—1/5—1/2 or 1 second. In 
addition the “ON” or “OFF” exposure dura- 
tions can be independently controlled. 


C. H. STOELTING CO. 


424 N. HOMAN AVE., CHICAGO 24, ILLINOIS 















































PHOTOVOLT 


E203 Uae 
PHOTOMETER 


PHOTOMICROGRAPHY 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $105.00 
PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 





DO YOU NEED REAGENTS FOR METAL IONS? 


4-Quinoline Carboxaldehyde uranium 
Alizarin, Murexide calcium 
p-Bromomandelic acid zirconium 
1,1’-Dianthrimide aluminium 


Thioacetamide precipitant for 


metal ions 

DO YOU NEED REAGENTS FOR 
FUNCTIONAL GROUP TESTING? 
2-Hydroxy-3-Naphthaldehyde 





Protein amino 
groups 
Ninhydrin amino acids 
2,4,7 Trinitrofluorenone polynuclear 
hydrocarbons 
2-Hydroxy-3-Naphthoic acid 3-,17-,20-keto- 
hydrazide steroids 


N-Bromomethy] phthalimide alcohols and 


phenols 
Girard T ketosteroid 
lodoacetamido-napthol (IAN) — sulfhydryl groups 
Tetranitromethane unsaturation 


Custom Syntheses 
Invited 


The Borden Company 
5000 Langdon Street 
P.O. Box 9522 
Philadelphia 24, Pa. 


BOM... i 


CHEMICAL Divisio 
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Physicists & Mathematicians 





CONTRIBUTE TO 
THE FLIGHT OF 
THE FIRST NUCLEAR 
POWERED PLANE 


Possibilities of almost unlimited 
range and speed for aircraft give 
top priority to the work now un- 
derway at the Aircraft Nuclear 
Propulsion Department of General 
Electric. 


The product stage has been reached 
and physicists and mathematicians 
—with or without previous nuclear 
experience—are needed immedi- 
ately for assignments in: 


e@ THERMODYNAMICS AND 
CYCLE ANALYSIS 


e@ REACTOR ANALYSIS 

e SHIELD PHYSICS 

@ NUCLEAR INSTRUMENTATION 
e APPLIED MATHEMATICS 


e DIGITAL AND ANALOG 
COMPUTERS 


@ THEORETICAL PHYSICS 


e@ NUMERICAL AND PROGRAM- 
MING ANALYSIS 


Your nuclear knowledge will be 
supplemented through a special 
series of in- -plant courses that will 
give you a sound basis for work 
in this field. 


The emphasis here is on research, 
technical assistance is liberal, facil- 
ities modern and extensive. Respon- 
sibility is fully delegated. 


Your professional development is 
encouraged in every way by on the 
spot management. There are op- 
portunities for graduate study on 
a Full Tuition Refund Plan. And 
frequent merit reviews keep ad- 
vancement based on ability and 
performance not number of years 
on the job. 


Comprehensive Benefits 
Relocation Expenses Paid 


OPENINGS IN CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 


Write in confidence stating salary 
requirements to location you prefer: 


Mr. J. R. Rosselott 
P.O. Box 132 
Cincinnati, Ohio 


L. A. Munther 
P.O. Box 535 
Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 





-—— PERSONNEL PLACEMENT——+ 








CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 ee ens Ave., NW 
Washington 5, D.C. 














ii||| POStTIONS OPEN || 


Hl TTT 





Bacteriologists. The University of Alberta has 
openings for an assistant professor, and an as- 
sociate professor of bacteriology at a commenc- 
ing salary of $6500 to $8500, depending on 
qualifications, with regular increments. . Duties 
to include teaching, hospital and/or public 
health bacteriology and a program of research. 
Applications should include a curriculum vitae, 
a recent photograph, and the names of three 
referees and should be sent > Dean of Medicine, 
University of Alberta, Edmonton, Alberta, 
Canada. 
Biochemist, Sabin to organize and direct! den art 
ment in a 200-bed community hospital. Salary 
to $5500. Box 142, SCIENCE. 5/17, 24 





Biophysicist, Ph.D. preferred, for fundamental 
research in cardiac electrophysiology. University 
of Tennessee. Write Dr. Daniel A. Brody, 858 
Madison Ave., Memphis 3, Tennessee. 
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New World-V Wide Summer Placement Directory: 
1000’s of summer jobs in 48 states, over 20 
foreign lands. Study awards, ranches, resorts, 
earning trips abroad, camps, and so forth. Jobs 
are filled early don’t wait, send $2 now. 
CRUS ADE, : Box 99, Station G, Brook- 
lyn 22, Des eow 
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PHYSIOLOGISTS 
PHARMACOLOGISTS 


Ph.D.’s_ in physiology, pharmacology, or 
biochemistry with orientation in cardio- 
vascular and/or nutrition fields; or C.N.S. 
functions and clinical application of neuro- 
pharmacologic agents, to assist in evalu- 
ating new chemotherapeutic compounds 
for use in the treatment of mental illness. 


ORGANIC CHEMISTS— 
NATURAL PRODUCTS 


M.S. degree or equivalent in organic 
chemistry with some botanical training 
and experience to evaluate scientific data 
in natural products research program. 


ORGANIC CHEMISTS— 
GENERAL 


M.S. or equivalent in organic chemistry 
with strong background in biological sci- 
ence to collaborate in analyzing and eval- 
uating experimental data in research 
program. 


Applicants who desire to become as- 
sociated with well-established, progres- 
sive eastern pharmaceutical laboratory 
with liberal benefit program should sub- 
mit résumé with full information to 


Box 140, SCIENCE 














(a) Pharmacologist or Biochemist, preferably 
Ph.D.; new research department, pharmaceuti- 
cal company established 82 years ; expansion pro- 
gram; suburb, university city, Midwest. (b) 
Ph.D. in Chemotherapy; training in bacteriol- 
ogy, mycology, allied fields desirable; research 
experience, preferably industrial, advantageous; 
pharmaceutical company; East. (c) Bacteriolo- 
gist; preferably Ph.D.; association, group of 
pathologists ; medical school oe East. (d) Or- 
ganic Chemist, Ph.D. or M.S.; qualified to con- 
duct organic synthesis in medicinal chemistry 
with minimum supervision ; research laboratory 
specializing in organic synthesis in medicinal 
chemistry; Pacific Coast. (e) Scientists qualified 
and interested in teaching; opportunities vari- 
ous sections of country; ranks dependent on 
qualifications. Medical Bureau, Burneice Lar- 
son, Director, 900 N. Michigan Avenue, Chicago 
11, Tllinois. XxX 








HUMAN 


VIROLOGISTS 


ENGINEERS 
PATHOLOGISTS 
BACTERIOLOGISTS 





VACCINES 


VETERINARY 
We are expanding into the field of 


BIOLOGICALS 


Our new program requires: 


This is a real growth opportunity. Write to us your experience, edu- 
cation, age, military status, and salary requirements. 


Box 150, SCIENCE 


for research, 
development and 
production. 


experienced in and 
capable of supervising 
the manufacture and 
quality control of 
biologicals. 
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DIRECTOR OF RESEARCH 

A prominent midwestern university is seek- 
ing a highly qualified man to fill the position 
of director of research in a newly organized 
interdisciplinary program in transportation. He 
will be responsible for over-all direction of a 
long-range program of basic research in the field, 
and the planning and programming of specific, 
limited projects relating to transportation prob- 
lems. 

The program may draw upon a combination 
of academic disciplines, depending on the na- 
ture of the project. These areas include eco- 
nomics, geography, sociology, political science, 
engineering, business, and law. Staff and facili- 
ties of more than one university, in some cases 
several, will be drawn upon for some projects. 

The director should be familiar with modern 
analytical techniques in economics and have a 
working knowledge of transportation technolo- 
gies. He will be largely responsible for the em- 
ployment of a growing research staff and the 
selection of personnel for particular projects. 

The salary is open to negotiation, but will 
range from $15,000 to $18,000. Benefits and 
privileges will be appertaining to faculty rank 
in the University. 

Address statements of qualification, includ- 
ing academic lone and experience, to 
Box 152, SCIEN > 1 


Assistant Pathologist to Dr. David R. Meranze; 
board certified or eligible; major general hos- 
pital; medical school affiliated; active teaching 
and research institution; highly qualified staff. 
Albert Einsteir Medical Center, Southern Divi- 
sion, Fifth and Reed Streets, Philadelphia 47, 
Pa. 5/24, 31; 6/7 


Biochemist, Ph.D.; 3 years of full-time uni- 
versity teaching ; 6 years as director, research, 
well-known institution; recognized as authority 
in field of steroid analysis. Medical Bureau, 
Burneice Larson, Director, 900 North Michigan 
Avenue, Chicago. 





Research Associate. Position open in large mid- 
western medical school for responsible mature 
person. Prefer someone at master’s level or ex- 
tensive experience in histology and animal ex- 
perimentation. Must have interest in cyto- 
chemistry. Salary open. State age, experience, 
and educational means in first letter to Box 
149, SCIENC 


Physiologist-Marine Ecologist; Cornell, Ph.D., 
41; 6 years of lecturing in physiology and com- 
parative anatomy; 2 years of marine ecological 
research; 8 years of additional teaching experi- 
ence, Desires academic position with some op- 
portunity for research. Preference for northeast- 
ern section. Box 151, SCIENCE. 





Scientist. Ph.D. in physiology or biochemistry 
with orientation in endocrinology; teaching ex- 
perience desirable. Team _ participation in re- 
search activities of Philadelphia pharmaceutical 
manufacturer. Liberal benefit program. Send 
complete résumé. Box 148, SCIENCE. 5/24 





Zoology Department, Duke University. Applica- 
tions for part-time positions in teaching and 
research are invited. Applicants with a master’s 
degree and teaching experience will be favored. 
These openings provide generous opportunities 
for participating in course work and research 
toward the Ph.D. Inquire of Dr. Karl M. Wil- 
bur, Chairman, Department of Zoology, Duke 
University, Durham, N.C. 5/24, 31; 6/7 


Zoologist—Helminthologist—Physiologist, Ph.D., 
35, teaching-research position in general zool- 
ogy, parasitology, physiology (cell biology or 
vertebrate); college professor 4 years; recent 
publications and research Reo: organizing 
ability. Box 147, SCIENC 5/24 
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Biochemistry, $2000. Full-time research and 
study toward Ph.D. Prefer candidate with some 
training in biochemistry or cellular physiology 
for government sponsored project in mitochon- 
drial metabolism. Box 144, SCIENCE. 5/17, 24 

















The Market Place 


BOOKS « SERVICES + SUPPLIES » EQUIPMENT 








DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


$22.00 per inch 
21.00 per inch 
20.00 per inch 
19.00 per inch 
For PROOFS on display ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 











ill BOOKS AND MAGAZINES | 








ae _ | Sets and runs, foreign 
SCIENTIFIC and domestic. Entire 

libraries and smaller 
PERIODICALS 


collections wanted. 


and BOOKS 


WALTER J. !OHNSON, INC. 
111 Fifth Avenue, New York 3, New York 











Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, J. S. CANNER, Inc. 
Boston 19, Massachusetts 


|| SUPPLIES AND EQUIPMENT |i 














“From the hand of 
the veterinarian 
to research” 


albino rats” 


Hypophysectomized 
Rats 


* Descendants of the 
Sprague-Dawley and 
istar Strains 


e 
HENRY L. FOSTER, D.V.M. 
President and Director | 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 











17 MAY 1957 








lll PROFESSIONAL SERVICES || 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis. 











WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 





WI SUPPLIES AND EQUIPMENT || 


MICE 


Swiss Webster C-57 Black 
C3H Agouti AKR Albino 


Millerton Research Farm Ine. 
Millerton, N.Y. Phone 219 






















No. eiics 
| prochureand MENUSSTD ing Rece as, | 
| Publication LABORATORIES California 
j cuemerey tts : 

1 ’ 


the letterhead 


RAWAM 
DIVISION | 


” 
Chemists, Engineers Honolulu, 
Hawa’ 


Bacteriologists 


Py er W. Truesdail, Ph.D., President 
. Jeffreys, Ph.D. Technical Director 














PURINES (34 


and other tagged compounds 
OF HIGH RADIOPURITY 


ISOTOPES ““conrany INC. 


703 S. Main St. 





Burbank, Calif. 





RESEARCH 
Sy ANALYSES CONSULTATION 
BIOLOGICAL, NUTRITIONAL AND TOXICOLOGICAL STU 
FOR THE FOOD, DRUG AND ALLIED INDUSTRIES 
48-14 33rd STREET, LONG ISLAND CITY 1, N.Y. 
‘Western Office—9331 VENICE BOULEVARD, CULVER CITY, CALIF. 











Mill SUPPLIES AND EQUIPMENT |i 
e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 


4. 








LABORATORY 
STi RRER Mote! #7605 0 


complete with 
3 bladed 
 propelier 


Universal, low priced direct 
drive stirrer for general lab- 


oratory use. High quality, 
continuous duty motor; rheo- 
stat control—0O to 7,000 RPM 
Y4” true running check, 
10 in. stainless steel rod. 


WRITE FOR BULLETIN X-2 


PALO LABORATORY SUPPLIES. Inc. 


81 Reade St., New York 














TECHNICAL AND MICROPHOTOGRAPHY, cameras and 
accessories. Save 35% (sometimes more) by purchasing 
your fine foreign equipment through our famous ‘‘Import 
Your Own’’ system. Examples: 
1957 Exakta VX-1IIA, Automatic Biotar f2.0 

$185.00 (duty $23.00) 
1957 Rolleifiex with light meter & Planar £3.56, less case 

169.00 (duty $17.00) 
Parcel post and insurance included. Similar savings on 
many other famous makes and accessories. Brand new, 
original factory packing. Only the latest factory produc- 
tion. Price-lists by return mail. Specify interests and 
requirements. NELSON COMPANY 7810 Greenwood Avenue, 
Washington 12, D.C. 











**EXPERT REPAIRS" 
of 
POLARIMETERS of any MAKE 
Complete Reconditioning 
Adjustment of Optical System 
0. C. RUDOLPH & SONS 


Manufacturers of Optical Research & 
Control Instruments 


P.O. BOX 446 


CALDWELL, N. J. 











MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 
WE BUY, SELL & TRADE 
Write us what you need — what you 
want to dispose of. 

THE TECHNICAL INSTRUMENT CO. 
122 Golden Gate Ave., San Francisco 2, Calif. 
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ELEVATE HEAVY LOADS EASILY ON MICROCARDS 


—also get closer heat gradient 


PERECO 


The response to the Microcard edition has 
encouraged us to make volumes 123 and 124 
of SCIENCE available in this form. 


Electric One hundred 3”x5” cards contain 2252 
Furnace | pages of SCIENCE for the year 1956. 


The space saving is considerable—25 sets 
of Microcards take up approximately the 
same space as a single bound volume of 
SCIENCE covering the same period. The 
bother and expense of binding are com- 
pletely eliminated. In spite of the increase 
in format, the price remains unchanged: 


If your work involves 
handling crucibles of 
molten materials or ex- 
tra heavy dies or parts 
this bottom loading, 
elevator tyne Pereco 
Electric Furnace is the 
efficient, labor saving 
answer. | 





To meet your specific needs Pereco can furnish an 
inverted, pit-type electric furnace, like the unit 
shown, in various sizes, operating temperatures, 


PECTCCCCECCCCESCCC CSCS S CSCC CESS SESE S OSES 


Microcard edition of SCIENCE, 1953 $15.00 
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illustrated has a work chamber 28” w. x 18" 4 | “ “of SCIENCE, 1954 $15.00 : 
Vertical lift has safety hand ratehet. (power if | ‘ “of SCIENCE, 1955 $15.00 * 
treat‘ reget ity exh a ee 
nace of ‘Kiln requiroments—whether Ite fe | * Second half of 1956 only ........ $ 7.50 + 
standard or special units. b + 
PERENY EQUIPMENT CO. BARRON + AAAS  aanaaaanans 

Dept. F, 893 Chambers Road x 1515 Mass. Ave., NW z 

Columbus 12, Ohio * Washington 5, D.C. + 
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Brinkman. 


ATR N 


Exposure Meters for Photomicrography 








The most complete line of 


and Microcinematography 


Convenient 





Accurate Fast 


BRINKMANN Exposure Meters can be applied to all phases 
of microscopic technique at various magnifications and 
different levels of illumination. Some models are pre- 


calibrated for different film speed. — 


td eee 


BRINKMANN 

INSTRUMENTS | 
INC, 

GREAT NECK, L. I., N. Y. 

- 376-380 Great Neck Rd. 


PHILADELPHIA , Pa. 
3214 North Broad Street 
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SC — 32 AMPLISCALER 
. .. designed for proportional and/or 
scintillation counting. 





SC -— 19 UTILITY SCALER | 
_. . low priced leader for Geiger counting. 


Starting 10 years ago with the Autoscaler, 
the first all-electronic scaler, Tracerlab 


has kept pace with the demands of ra- A SCAL & ina i ©) a 
diation developments and today offers 
EVERY PURPOSE 


the most versatile and complete line . 


For full details and prices write for Catalog E. at a price for every budget ! 





on _ = Pac eter 
. . . first all-electronic laboratory scaler SC — 33A “1000” SCALER 
for automatic counting, either binary or decade. ... the standard scaler for scintillation counting. 


Tracerlab a 


1601 Trapelo Road, Waltham, Mass. 
2030 Wright Avenue, Richmond, California 





Offices in principal cities throughout the world. 





SC — 18A SUPERSCALER 
. . . first scaler with pre-set time 
and pre-set count features and 

versatile plug-in units. 





RLI — 13 RESEARCH SCALER 
4. « latest development, 
complete with time count automatic read out system. 








New... And NEEDED! 


THE MORTON STAINLESS STEEL 
CULTURE TUBE CLOSURE 


Designed by a bacteriologist with the problems of bacteriologists 
in mind. Simple, yet unique in design. Eliminates many of the prob- 
lems encountered in microbiological activities. Patented indenta- 


tions and pressure fingers center the culture tube in the closure. 


| ba 

d 

NOTE ALL THESE ADVANTAGES NEVER BEFORE 
AVAILABLE WITH COTTON PLUGS OR OTHER CLOSURES? 


@ Reliably prevents contamination from the air. 

@ Resists corrosion—made from stainless steel. 

@ Economical—can be used repeatedly. 

@ No storage problem—re-assemble on cleaned tubes. 

@ Grips tube firmly—does not come off if tube is tilted or shaken. 

@ No air tight seals as with screw caps. 

@ Time saving—unnecessary to flame end of tube before inoculation. 

@ No fouling with oily substances as with cotton plugs during hot air sterilization. 

@ No manipulation necessary before placing culture tube in centrifuge. 

@ Length permits easy manipulation with fingers. 

@ Culture tubes not fouled with lint as with cotton plugs. 

@ Rate of evaporation reduced to approximately one-half of that with cotton plugs. 
@ Enables tubes from B-D Vacutainers® to be used for culture tubes. 

@ Can be color-coded by placing drop of permanent marking ink on top of closure. 
@ Closures available without fingers upon request. 





Stock number B-16 B-18 B-20 B-38 Discount Schedule 
For tubes measuring mm 13 16 18 20 25 38 1-4 cases............ 10% 
Quantity per case............ 144 144 144 144 72 36 5-9 caseg............... 14.5% 


List price per case. Available 21.60 21.60 27.36 13.68 14.40 pp so cOses ou 
later . 








+ Morton, Harry E. — 1957 “Stainless Steel Culture Tube Closures as a Replacement for Cotton Plugs.” 
Bacteriological Proceedings, Abstract G 53. 
® Reg. T. M. Becton Dickinson & Co. * U.S. Pat. No. 2,287,746 


Order directly from 
“Research 


“= BELLCO GiASs Inc. @& 


B aa 
" Vineland, N. J. 

















